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xABSTRACT
Comprehension of Emotion in Neurodegenerative Disorders
Kelly L. Davis
Prof. Douglas L. Chute
While the dysprosody associated with Parkinson’s disease (PD) has been well
described, findings from investigations on the comprehension of emotional
intonation have been mixed.  A hypothetical model of the requisite skills for
comprehension of affective prosody is described and argues for the role of
perceptual skills, executive functioning, and affective competence in the
interpretation of emotional intonation.  To evaluate this model, the
comprehension of emotional and non-emotional prosody was examined among
individuals with PD (n=11), neurologically healthy age and education-matched
elders (EC, n=16), and college-age adults (YC, n=16).  Stimuli included auditory
recordings of professional actors rendering utterances of minimal semantic
content (i.e., dates, numbers) using emotional (tentative to dominant) and non-
emotional attitudes (speaker close to intended listener, at a conversational
distance, and far apart).  Participants were instructed to rate 90 auditory stimuli
of emotional attitudes and an additional 90 non-emotional stimuli using 5-point
Likert-type scales.  Between group comparisons showed that the PD and EC
subjects do not differ in their judgments of affective or non-affective prosody
stimuli, yet the performance of the PD group was different from the YC group on
both affective and non-affective tasks.  Within-group comparisons revealed an
age-related effect on performance for affective prosody judgments.  The YC
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group did not differ in judgments of emotional and non-emotional prosody.
There was no difference between groups in judgments of fundamental
perceptual elements of prosody (pitch, duration, volume).  A statistically
significant correlation between emotional prosody comprehension and working
memory was observed for all participants.  Similarly, a significant correlation
was revealed for the emotional prosody comprehension and performance on
emotional facial recognition tasks.  Findings support the hypothetical model that
argues that working memory capacity is related to the comprehension of
emotional cues expressed by others.  Contrary to expectations, the PD and EC
groups interpreted emotional cues differently than younger adults.  These results
suggest that other populations with decreased working memory capacity may
interpret emotional cues from others differently than healthy younger adults.
Furthermore, recommendations for future research include careful evaluation of
task demands and aspects of executive control between affective and non-
affective comprehension tasks. [Multi-media CD-ROM accompanies the
manuscript.]
1PROBLEM STATEMENT
Communication involves many non-linguistic features, including
comprehension and expression of facial expressions, gesture, and vocal
intonation.  Like the semantic content of language, these features can
communicate semantic and syntactic intent, as well as express emotion and
affective state.  Prosody– the variations in melody, intonation, pauses, stresses
and accents of speech– can communicate both linguistic intent and emotional
state.  The purpose of this dissertation was to further define the neurocognitive basis of
emotional prosody using a novel experimental paradigm with emotional and non-
emotional stimuli.  Secondly, the proposed neurocognitive model of emotional prosody
was tested by examining a cohort of individuals in the early stages of Parkinson’s disease.
A Preview of the Proposed Neurocognitive Models of Prosody
In articulating the relationship between emotion and prosody, two
hypotheses can be proffered:
1. An individual’s ability to comprehend and express emotion impacts
their ability to understand and produce affective prosody.
2. Alternatively, prosody is an aspect of language that communicates
both emotional and non-emotional intent.
Similarly, one could pose the questions: Is linguistic prosody a feature of
language, and affective prosody a feature of emotional state or is prosody merely
a suprasegmental aspect of language with linguistic and affective
manifestations?
2Based on these questions, I proposed conceptual models of affective
prosody (see Figures 1.1 and 1.2 for illustrations).  The first model considers
prosody to be a hierarchical construct with linguistic and emotional
manifestations (Figure 1.2).  An alternative model is based on the notion that
comprehension and expression of emotional prosody is based on a more general
construct of affective competence (Figure 1.1).  Affective competence refers to
the ability to feel, express and understand emotions from within and to
accurately interpret emotional states of others based on their behaviors (e.g.,
verbal communication, prosody, affect, gestures, facial expressions).  Each of
these models includes a consideration the relative contribution of lower order
perceptual processing skills, as well as that of higher order decision making and
executive functions.
Although these models can provide a conceptual understanding of
theoretical constructs, an appreciation for the neural substrates that orchestrate
these behaviors provides a more comprehensive explanation for cognitive
models of prosody. Prosody predates language, and can be found across
contemporary phyla and among non-lingual species. It follows that the neural
substrates of prosody are phylogenically old.  The use of a phylogenically-based
continuum to evaluate emotions was chosen in an attempt to overcome the
conceptual and psychometric shortcomings of a folk-psychological
conceptualization of emotion (i.e., identifying happy expressions).  This, in turn,
may better inform the underlying brain-behavior relationships involved in
emotional prosody, which likely involve integration of phylogenically ancient
brain structures (e.g., amygdala, basal ganglia, rhinencephalon) and cortical
3structures (e.g., associations areas for auditory processing and executive
monitoring via frontal systems function).
Three methodologies were employed to address the proposed model of
affective and non-linguistic prosody and its neural substrates:
1. A comparison of measures of comprehension of affective prosody to
that of non-affective prosody and measures of affective competence
(e.g., identifying emotional faces) and higher order neurocognitive
functions (e.g., working memory).
2. A comparison of measures of expressive prosody to measures of
comprehension of affective competence (e.g., comprehension of
emotional prosody and faces).
3. A comparison of performance of individuals with Parkinson’s disease
to healthy referent groups on judgments of emotionally intoned
utterances using a phylogenically-based continuum.
By employing experimental groups with neurologic conditions, the
models outlining the proposed relationships between the underlying
neuroantomic substrates can be evaluated.  Participants in the early stages of
Parkinson’s disease were selected to illustrate the possible contribution of motor
dysfunction and executive dysfunction to the comprehension of prosody.
Healthy, non-demented elders as well as college-age participants were examined
to provide normative data for experimental materials, thus enriching the context
of these experimental measures of emotional prosody as well as providing
preliminary evidence regarding changes across the lifespan.
In the pages that follow, a brief review of prosody prefaces explanation of
a continuum-based (i.e., non-categorical) paradigm to evaluate emotional
expression via prosody.  The neural bases of prosody– including an overview of
the brain lesion literature and more recent functional neuroimaging– is reviewed.
4Descriptions of experimental groups of interest and their contributions to testing
theoretical models further orient the reader to this dissertation.  Finally, the
experimental hypotheses are outlined and results presented.
INTRODUCTION
A Prosody Primer
Prosody refers to the variations in melody, intonation, pauses, stresses
and accents of speech.  It is ubiquitous among spoken languages.  The prosodic
characteristics of a language are the first phonetic features to be acquired among
infants (Lewis, 1936), and remain even in the presence of aphasia (Caplan, 1987).
Yet paradoxically, the features of speaker’s intonation system are “highly
dependent on the language, the dialect, and even the style, the mood and the
attitude of the speaker.”  (Hirst & Di Cristo, 1998, pg. 2).  Thus prosody supports
linguistic aspects of language, including phrase structure, a particular meaning
of the word, an emphasis on key words in the sentence, and can indicate the
sentence’s mode (e.g., interrogative, declarative).  Prosody also serves to
communicate non-linguistic meaning, such as emotion or affective state.
Hirst and Di Cristo (1998) conceptualize a dual nature of prosody as
lexical and non-lexical.  Lexical prosody refers to the linguistic elements that can
be communicated aside from the content or structure of the spoken message.
Non-lexical prosody is less well defined, ranging from “mood and attitude” of
5the speaker, to voice quality and individual style.  Prosody can be reduced to the
listener’s impression of pitch, loudness, length and timbre.  These elements are
considered to be cognitive correlates of acoustic measures of fundamental
frequency, intensity, duration and spectral characteristics.
Table 1.1:  Relationship among prosodic systems, the listener’s perception, and
its acoustic measurement.  Adapted from Hirst & Di Cristo (1998).
Prosodic Systems Cognitive Perception Physical/Acoustic
Measurement
Lexical
stress, tone, quantity
Non-Lexical
intonation proper in
to
na
tio
n Pitch
Loudness
Length
Timbre
Fundamental Frequency
Intensity
Duration
Spectral Characteristics
Lexical Prosody
Lexical prosody includes a broad range of suprasegmental aspects of
spoken language.  Changes in pitch and stress can indicate meaning or
grammatical properties of phonetically similar words.  This aspect of lexical
prosody is particularly critical in tonal languages.  Over half of all languages use
pitch to indicate various semantic meanings of phonetically similar words
(Crystal, 1997).  These languages vary in the range of tonenemes (distinctive
pitch levels) used from two (e.g., Zulu) to six (e.g., Cantonese).  In English, there
are few examples of prosody that can change semantics or grammatical aspects
for single words.  For example, the form class of a word can change with
variations in the stressed syllables (e.g., the noun and verb “record”).
6Additionally, a combination of stresses and pauses can inform semantics (e.g.,
distinguishing noun phrases “blackboard” from “black board”).
However, prosody is not limited to single words or phrases.  Changes in
pitch over the course of a sentence spoken in English can indicate the mode of
the sentence.  For example, a statement with a rise in pitch at the end of the
phrase typically indicates an interrogative form that requests a yes/no response
or is an echo of a previous statement (Hirst & Di Cristo, 1998). This rising pitch
may occur even though the structure of the sentence may be identical to a neutral
statement (e.g., “You are going to lunch.” -vs- “You are going to lunch?”).
Pauses, stress, and variations in pitch can also emphasize certain words to make
an important point (informational structure), and contrast that point by
indicating less important information.  Pauses and pitch contours can also
indicate phrasal boundaries, indicating where within-sentence punctuation is
placed.  Finally, prosody can indicate organization of statements, contrasting the
beginning of a new idea from the end of a spoken paragraph (textual intonation).
There is a growing literature surrounding each of these aspects of semantic and
lexical prosody.  As this dissertation examined the influence of non-lexical (i.e.,
emotional) prosody among native English speakers, a thorough examination of
these aspects of prosody is beyond the focus of this review.
The Discontinuity between Linguistic & Emotional Prosody
Although Hirst and Di Cristo acknowledge the dichotomous nature of
prosody, they provide minimal explanation of non-lexical prosody beyond more
general trends in pitch patterns and boundary phenomena.  While they and other
linguists acknowledge the influence of attitude, mood, or emotion on prosody,
7the description and experimentation regarding emotional prosody lies mostly on
the turf of psychologists and behavioral neurologists.  This split among
disciplines may explain why a unified theory of linguistic and emotional
prosody has only recently been discussed in the professional literature.  In fact,
the functional theory of prosody– drawn mostly from clinical observations–
postulates that the right hemisphere modulates emotional attributes of prosody,
while linguistic prosody is dominant in the left hemisphere (Ross, 1988).  This
neuroanatomic separation further illustrates the dichotomy between linguists
and psychologists by separating linguistic and emotional functions of prosody to
different cerebral hemispheres.
Despite this seeming division of labor among those conducting research
on prosody, the fundamental variations in the acoustic elements of speech to
make emotional and linguistic prosody are quite similar.  An individual can
create virtually an infinite number of emotional and linguistic expressions by
modulating pitch, volume, duration, and tone of various syllables in any given
utterance.   Additionally, both aspects of prosody complement the literal content
of the spoken message.
Yet emotional prosody appears to be distinct from linguistic prosody in
several important ways.  First, it is generally assumed that the expression of
emotion is phylogenically older than language.  Manipulation of the acoustic
elements of prosody (e.g., pitch, volume, and rate) to communicate emotional
state is shared among thousands of contemporary non-verbal species, as well as
pre-lingual humans.  Also, emotional expression is enhanced by other non-verbal
features of communication, including facial expressions and gestures.  As these
8overt expressions of emotions are multi-modal, and are shared among
mammalian species, it stands to reason that emotional prosody also enjoys
neural substrates distinct from linguistic prosody. It is for these reasons that I
propose a theoretical model of emotional prosody within a larger framework of
emotional comprehension and expression.
Proposed Theoretical Models of Emotional Prosody
The Affective Competence Model
One proposed model (Figure 1.1) is based on the notion that
comprehension and expression of emotional prosody is based on a more general
construct of affective competence.  Affective competence refers to the ability to
feel, express and understand emotions from within and to accurately interpret
emotional states of others based on their behaviors (e.g., verbal communication,
emotional prosody, affect, facial expressions, gestures).  It is akin to the construct
of emotional competence discussed in developmental psychology literature
(Saarni, 1999).  However, I use the term affective competence to emphasize the
ability to interpret external and internal cues without dependence on regulation
of internal emotional states.  Nonetheless, I argue that an individual’s general
affective state and his or her ability to appropriately regulate emotions influence
affective competence.  An individual’s general affective state is influenced by
many situational, characterlogical and biological factors (which are beyond the
scope of the current discussion).  Executive functioning is related to the ability to
regulate emotions in an appropriate manner as well as the ability to integrate the
multi-modal perceptual information involved in comprehension of emotion.
The comprehension and expression of emotional prosody is a manifestation of
9affective competence, and is paralleled by other modes of emotional
comprehension and expression.  While there are potentially a handful of other
modes of emotional expressions, facial expressions have been well examined,
and served as a non-verbal control condition for the proposed study.
Figure 1.1:  The Affective Competence Model of emotional prosody.
The Prosodic Competence Model
An alternative theoretical model considers prosody to be a unitary
construct, with linguistic and emotional manifestations (Figure 1.2).  The
prosodic competence model argues that problems in the comprehension and
Affective
Competence
Affective
Prosody
Comprehension
Affective
Prosody
Production
Ability to
regulate
emotions
General
Affective State
Executive
Functioning:
(e.g., Self-Monitoring,
Working Memory)
Emotional
Gesture
Production
(e.g., Faces)
Emotional
Gesture
Comprehension
(e.g., Faces)
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expression of prosody are generalized to both affective and non-affective
domains.
Figure 1.2:  The Prosodic Competence Model of emotional prosody.
Implications for the Theoretical Models of Prosody Comprehension
When considering the theoretical models, the role of subordinate or
requisite functions must also be articulated.  For example, visual perceptual
processing of details that make certain faces emotionally distinct from one
another, auditory perception of changes in melodic tone and other acoustic
parameters, and/or the inability to recognize details which make faces
distinctive could account for some findings.
Linguistic Affective
Prosodic Competence
Linguistic
Comprehension
Affective
Comprehension
Linguistic
Prosody
Production
Affective
Prosody
Production
M o t o r   A r t i c u l a t i o n
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Finally, the executive resources required to interpret emotional
expressions are essential to understanding the relationship between the
comprehension of affective and non-affective prosody.  Specifically, the role of
working memory was hypothesized to be particularly crucial to the
interpretation of emotions in general, and to affective prosody in particular.  The
interpretation of emotions involves integration of new information from a
variety of sources (including the content of the spoken message, gestural cues
from visual modality, acoustic cues from the auditory modality) with existing
knowledge about emotions and their expression (both general to a given
situation and specific to an interpreter’s previous experience with the individual
expressing the emotion).  This interpretation requires keeping a host of current
information on-line while comparing it to templates of existing schema regarding
interpretation of the emotions being expressed (i.e., working memory).
The affective competence model and the alternative prosodic competence
model can be evaluated by examining the relationship between the constructs of
affective competence, working memory, emotional comprehension and
expression (including facial gestures and prosody) among individuals with
neurodegenerative conditions.  For this dissertation, individuals with
Parkinson’s disease were examined to test these models as previous evidence has
indicated they have impairments in emotional expression (via prosody and facial
gestures) and working memory.  To further orient the reader to this dissertation,
the evolutionary origins of emotional prosody and the neuropsychological
literature on linguistic and emotional prosody are reviewed.
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Origins of Prosody
Prosody has been examined in both non-lingual species and in pre-lingual
infants.  The mere presence of the expression and comprehension of prosody in
animals, in the absence of language, indicates that its phlylogenic and ontologic
roots are old. This observation is remarkable for this dissertation as determining
the neural bases of prosodic systems are likely to involve, in part, phylogenically
old brain structures.
Prosody in non-lingual species and pre-lingual human infants serves an
important role in communication.  The communication of emotion in humans
and animals serves the vital function of communicating internal states to the
social environment (Darwin, 1872/1998).
Paradigms to Examine Emotional Prosody in Humans
Contemporary study of emotional prosody in humans has largely ignored
the literature on animal prosody and hypotheses regarding its phylogenic
origins.  Virtually all examinations of emotional prosody in humans have
assumed that the quality of emotions expressed through prosody fits into folk-
psychological categorical conceptualizations of emotion (e.g., happy, sad, angry,
disgusted, surprised).  For example, the valence theory of emotion assumes that
categories of emotions can be clustered into “positive” and “negative.”  This in
turn implies that there are neural substrates specialized for interpretation of
different categories of emotions.  Although this may be the case for the adaptive
emotion “fear” (for review, see LeDoux, 2000), there is little evidence to support
13
the notion that the neural substrates are organized to support categorical
schemas of emotion.
There are additional problems with the categorical approach to emotions
in the study of prosody.  First, the ability to express and understand the
emotional displays of others is an ability which pre-dates human’s categorical
names for emotions.   A folk-psychological nomenclature may not reflect the
evolutionary pressures that influenced the development of emotional expression
and its interpretation by others.
Secondly, using a categorical approach to evaluate emotional prosody has
yielded poor normative data.  Healthy individuals are able to recognize
emotional categories from prosodic utterances with fair, yet not perfect accuracy.
Scherer’s review of the literature (1981) estimated the accuracy of healthy
individuals to correctly identify the emotional state of the speaker (via forced-
choice categories) to be 60%.  Thus the agreement with which stimulus items
belong to a given emotional category is equivocal even in the majority of more
recent published studies (Table 1.2).
Interestingly, normative data has been reported for recognition of
photographs of emotional faces is similar to that of the normative data for
emotional prosody listed in Table 1.2.  In fact, the lack of consistent agreement
between intended emotion and what is interpreted suggests that there is a wide
range of acceptable expressions of emotion (i.e., there is not an innate expression
via prosody or facial gesture of a given internal emotional state).  Alternatively, it
may also imply that some judges have poor perceptual skills.
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Table 1.2: Accuracy of healthy adults in identification of expressions of emotional
prosody using folk-psychological categories of emotion.  (Numbers indicate
percent accurate; N/R = not reported; X = category assessed in investigation).
Happy Sad Fear Angry Surprise Bored Disgust Neutral Overall
Baum & Nowicki,
1998 (n=146)
70 80 70 80 N/R
Pell, 1998 (n=10) X X X X 73
Leentjens,
Wielaert, van
Harskamp &
Wilmink, 1998
(n=24)
X X X X X 74
Schmitt, Hartje &
Willmes, 1997
(n=26)
X X X 83
Pell, 1996 (n=11) X X X 85
Lalande, Braun,
Charlebois &
Whitaker, 1992
(n=16)
X X X X X X 88
Heilman,
Bowers,
Speedie, Coslett,
1984 (n=15)
X X X 88.2
Bowers, Coslett,
Bauer, Speedie
& Heilman, 1987
(n=8)
X X X X 88.8
Wertz, Henschel,
Auther, Ashford
& Kirshner, 1998
(n=18)
X X X X X 90
Murphy &
Cutting, 1990
(n=15)
X X X X 90
Wildgruber,
Pihan, Erb,
Ackerman &
Grodd, 1999
(n=12)
X X X 90.6
Breitenstein,
Daum & Acker-
mann, 1998
(n=22)
X X X X X 95
Kotz, Alter,
Besson,
Schirmer &
Friederici, 2000
(n=20)
X X X 95
Caekebeke,
Jennekens-
Schinkel, van der
Linden, Buruma
& Roos, 1991
(n=14)
X X X 98
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These findings may also indicate that evaluation of one modality of
emotional expression may not be salient enough to reliably convey an emotional
category to all individuals.  Indeed, some of the investigations summarized in
Table 1.2 used information in addition to prosody (e.g., facial expressions, and
verbal content) which are reflected in these accuracy scores.  Thus, some of the
accuracy scores reported are greater for those subjects who were able to use
multiple modes of information to evaluate each stimulus. To put it simply, it is
difficult to say what the correct interpretation of a given stimulus item is when
agreement among raters is less than perfect.  While some stimulus sets may be
better than others, the general artifact of equivocal agreement among healthy
adults suggests that the paradigm of identifying the quality of emotion in a given
utterance by categorizing by folk-psychological category does not meet
psychometric muster.
The Influence of Person Perception in Interpretation of Emotions
Many behavioral scientists have approached the study of the
comprehension of emotions using similar theoretical and experimental
approaches to that of other aspects of perception and cognition.  However, social
psychologists have explored how individuals are not merely the rote translators
of environmental stimuli, but instead draw upon a lifetime of events and raw
feelings to facilitate making meaning of current experiences.
This concept of person perception is often overlooked in the literature on
emotional comprehension despite relevant observations that have been made in
this area.  For example, Hastorf, Schneider, and Polefka (1970) encourage
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researchers to consider that past experience, language used to make meaning of
those experiences, and current motivations or future goals influence an
individual’s present perceptions.  It follows that we have a tendency to perceive
others as similar to ourselves as this provides a stable and meaningful schema to
understand our experience. As Hastorf and colleagues summed:  “Our
perceptions of the other person’s feelings are heavily influenced by context, the
labeling process, cultural rules for the expression of emotion, and a host of other
variables (pg. 25).”
Recommendations to Improve the Study of Emotional Comprehension
In typical interactions, ambiguities and misinterpretations of emotional
intent often appear to occur much less often than the normative data on
emotional prosody or facial recognition would suggest.  This is likely due to the
multiple types of stimuli that are typically communicated simultaneously to the
perceiver, including: 1) prosody, 2) facial gestures, 3) the actual content of the
spoken message, and 4) the vulnerability of person perception to an individual’s
experience. In a sense, these multiple channels provide several checks and
balances such that if one “channel” is unclear, interpretation the other modalities
can disambiguate the intended message.  However, when the general
observation is made that a group of individuals have poor emotional
comprehension due to neurologic compromise, the relationship between each of
these four elements must further be described.  This dissertation focused on
describing the contribution of affective prosody to the interpretation of emotion.
However, the influence of these other elements was also considered to clarify the
translation between the hypothetical constructs and their operational definitions
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in several ways.  Recommendations for research in this area are outlined below
with a brief description of how each of these issues was addressed in the
experimental design for this dissertation.
First, characterizing emotional expressions into folk-psychological forced-
choices may be a rather contrived task lacking in ecological validity.
Combinations of emotions and situations can elicit different expressions that are
not always easy for individuals to make binary decisions, especially when one
emotional modality is interpreted in isolation when expressed from an
unfamiliar person (e.g., experimental paradigms which involve interpreting
prosody without facial expressions).  On the other hand, separating these
elements is important to more precisely define the relationship between each to
emotional comprehension.  Thus, an experimental approach that can reflect the
confidence with which an individual is making an interpretation of emotion
would be desirable.  This was addressed in the current dissertation with the use
of Likert-type item scaling for judgments of prosodic stimuli.
Secondly, a paradigm that acknowledges the growing literature on non-
human mammalian prosody would also contribute to the discussion regarding
the neural substrates involved in prosody production and interpretation.  Klaus
Scherer has recognized the continuity between comparative and human
literatures on emotional expression, stating, “Emotion is phylogenically
continuous, found in more or less rudimentary form in many, particularly
mammalian, species.  So is emotional expression, particularly in species in which
social life is based on complex interactions among individuals.” (Scherer, 1995,
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pg. 235).  The two issues were addressed in the experimental paradigm for the
present investigation.
Third, the ability for individuals to interpret emotional stimuli from a
non-prosodic modality should be described to evaluate the role of a general
emotional comprehension process, or an alternative modality specific emotional
process. Although not a primary focus of this dissertation, I attempted to address
this issue by describing the emotional facial recognition aptitude of this cohort.
Conversely, assessment of lower level perceptual skills was also assessed to rule
out alternative explanations for emotion comprehension deficits.
Investigators should also consider the role of person perception in the
study of emotional comprehension as it may account for some of the variance in
previous reports of poor agreement of the emotion conveyed in standardized
stimuli.  While the influence of person perception should not be ignored, it is
indeed a formidable variable to manipulate or to hold constant in a quazi-
experimental design. One cannot expect to control for a lifetime of experiences
combined with innate mood, temperament, and personality factors that may
potentially contribute to the range of interpretations of a given stimulus.
Because of these factors, the role of person perception is not directly addressed in
this dissertation.  However, efforts were made for careful selection of emotional
stimuli with excellent agreement among normative samples and use of standard
training procedures for emotion interpretation tasks to address this issue.
Furthermore, use of actors– who have extensive training in effectively conveying
emotions– was believed to increase agreement among neurologically healthy
adults.  On the other hand, efforts were made to ensure that subjects were
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unfamiliar with the actors who portrayed emotional stimuli such that each
participant’s perception of the actors would not be influenced by the context of
previous experience.  Finally, selection of homogenous groups (e.g., similar
cultural/socio-economic background, no psychiatric history) was intended to
make a modest, yet practical attempt to control for the influence of individual
differences in person perception.
Similarly, the role of language comprehension in conveying emotional
messages should be carefully considered.  As described in detail in the methods
section and outlined in Appendices B, C, and D, this issue was addressed with
careful selection of emotion neutral phrases.  The following section further
describes the theoretical background for the experimental approach.
The Phylogenic Continuum of Emotional Expression
Darwin (1972/1998) first observed that communication between animals
serves an important purpose of expressing internal states to others.  The
expression of these internal states is influenced by the dynamic relationship
between physiological arousal and environmental cues.  Most communication
among animals can be described as expressing emotional states resulting from or
contributing to physiological arousal and environmental cues.  The internal state
communicated by animals usually ranges from dominant, assertive statements to
tentative, submissive, unconfident expressions.  The range of human emotions
can also be described using a similar continuum, as illustrated in Figure 1.3.
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Tentative_________________________________________________Authoritarian
Cautious                                            Emotionally                                       Confident
Uncertain                                              Neutral                                            Forthright
Passive                                                                                                            Dominant
Figure 1.3:  The proposed phylogenically-valid continuum of emotion.
This continuum is a more robust description of the range of emotional
expressions than the human-made descriptions of emotional categories (e.g.,
happy, sad, etc.) because it is universal across species and evolutionary time.  It
is also possible that the poor categorical recognition of emotional prosody
expressed without other cues of emotional expression (i.e., appreciation for
context, facial expressions) reviewed previously is because the folk-psychological
constructs of emotional categories do not correlate well with the dynamic
manipulations of acoustic aspects of prosody.  Thus Scherer, Banse and
Wallbott’s (2001) review which includes acoustic recipes for emotional categories
may be clumsy approximations of the range of emotions expressed by humans
and other animals.  Furthermore, the relative contribution of person perception
and familiarity of a given communicating dyad has not been addressed by many
researchers.  Employing an experimental paradigm that uses the “phylogenic
continuum” (Figure 1.3) may yield more consistent interpretations of emotional
expressions.  The utility of the phylogenic continuum as a more theoretically
sound and psychometrically powerful alternative to categorical
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conceptualizations of emotional expressions via prosody was a secondary aim of
this dissertation.
Preliminary Support for the Phylogenic Continuum of Emotion
Ironically, there are some data from the emotional category paradigm
which support the proposed phylogenic continuum.  Banse and Scherer (1996)
conducted extensive acoustic analysis of German actors portraying 14 categories
of emotion. When a formula combining the absolute z-scores of measures of
pitch, volume and duration (the variables that described most of the variance
between categories in the series of regression models) is used, and the results are
rank-ordered, these categorical emotions tend cluster on different ends of the
continuum (Figure 1.4).
Figure 1.4:  Composite absolute values of z-scores of volume, pitch, and duration
for categorical emotions measured by Banse & Scherer, 1996.  Fo = Pitch (as
measured by fundamental frequency); DurArt = duration of articulated syllables;
PE500=volume (as measured by peak energy).
0
0.5
1
1.5
2
2.5
pride interest disgust cold_anger happy boredom shame contempt anxiety elation panic sadness hot_anger despair
Absolute composite of volume, pitch, duration
abs Fo abs DurArt abs PE 500
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Further, when the categories are clustered using a sum of absolute values
of z-scores on these three acoustic variables, clusters of emotional categories
emerge which are similar to the hypothetical tails of the phylogenic continuum
(Figure 1.5).  When examining these clusters, one can imagine situations that
would elicit dominant, confident feelings (e.g., Cold Anger, Disgust, Pride),
tentative uncertainty in the environment or not knowing what will happen next
(Despair, Panic, Anxiety), and others which lie between these extremes.  While a
direct comparison of the categorical and continuum paradigms was not
attempted for the proposed dissertation, this retrospective manipulation of Banse
& Scherer’s (1996) data suggest that folk-psychological categories could fit within
a larger framework of emotion such as the proposed phylogenic continuum.
Cold Anger Shame Despair
Disgust Boredom Hot Anger
Interest Happy Sadness
Pride Panic
Elation
Anxiety
Contempt
Figure 1.5:  Categorical emotions clustered by composite absolute values of
pitch, duration, and volume using data from Banse & Scherer, 1996 (see Figure
1.4).
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Neural Bases of Prosody: Clinical Evidence
The Lateralization of Prosody
Shortly after Monrad-Krohn’s description of the “melody of language”
(1957), initial observations indicated a right-hemisphere dominance for prosody.
Early dichotic listening studies demonstrated a left ear/right-hemisphere
preference for prosodic aspects of speech, while the right ear/left hemisphere
was better at discriminating segmental elements of speech (Blumstein & Cooper,
1974).  This was confirmed by Ken Heilman’s keen observations of a patient who
was recovering from right-hemisphere tumor resection.  This patient’s husband
complained that his wife did not appreciate his non-verbal expressions of his
depressed mood until he explicitly told her he was feeling down.  During
examination, the patient was unable to accurately identify the affective features
of content neutral phrases.  She reported that an exaggerated, sad presentation of
“The boy went to the store,” was stated by Dr. Heilman in a happy manner
(Heilman, 1999).  Subsequent formal investigations revealed that right posterior
(but not left) hemisphere damage severely disrupted comprehension of
emotional prosody (Heilman, Scholes & Watson, 1975).  This inspired many
investigations of both comprehension and expression of prosody in unilateral
lesion patients.
Hemispheric Differences in the Comprehension of Prosody
Dozens of researchers have made a case for right hemisphere
lateralization in the comprehension of emotional prosody (Schmitt, et al., 1997;
Starkstein, Federoff, Price, Leiguarda & Robinson, 1994; Blonder, Bowers,
Heilman, 1991; Bowers, et al., 1987; Ehlers & Dalby, 1987; Heilman, et al., 1975;
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Heilman, et al., 1984; Ross, 1981; Tucker, Watson & Heilman, 1977; Lalande, et
al., 1992; Luks, Nusbaum & Levy, 1998; Cohen, Prather, Town & Hynd, 1990;
Ross, Edmonson, Seibert & Homan, 1988; Ross & Mesulam, 1979).  Others have
documented the emotional expressive dysprosody following cerebral vascular
accident (CVA) of the right-hemisphere of the cerebal cortex (Hird & Kirsner,
1993; Wertz, et al., 1998).  On the other hand, several reports have implied that
the left hemisphere plays a significant role in linguistic prosody (Heilman, et al.,
1984; Luks, et al., 1998; Pell, 1998).
At first glance, these findings imply that linguistic prosody is seated in the
language dominant left hemisphere, while the interpretation of emotional stimuli
(including prosody and facial expressions) is housed within the right
hemisphere.   However, some researchers have found mixed results when
comparing patients with left and right unilateral cerebral infarcts (cerebral
vascular accidents or CVAs).  A handful of researchers have reported prosody
comprehension deficits for both right and left CVA patients (phrasal boundaries:
Baum, Pell, Leonard & Gordon, 1997; sentence mode: Heilman, et al., 1984;
emotion identification: VanLanker & Sidtis, 1992; Pell, 1998; Pell, 1997; Pell &
Baum, 1997a). VanLanker and Sidtis (1992) found that both right and left
unilateral CVA individuals performed poorly on tasks of prosodic
comprehension.  However, these researchers were able to dissociate the way in
which their sample of CVA patients used cues differently: right-hemisphere CVA
patients were able to use duration cues, while left-hemisphere CVA patients
could appreciate changes in pitch.  Marc Pell (1998) further delineated the
deficits for right and left CVA patients with his finding that left-hemisphere
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damaged patients had problems in identifying certain linguistic aspects of
prosody, including emphasis on key words.  On the other hand, there are a
handful of reports indicating that right-hemisphere damaged patients evidenced
global deficits in various kinds of prosodic comprehension (Pell, 1998;
Weintraub, Mesulam & Kramer, 1981).  Wertz and colleagues (1998) found no
differences between right-hemisphere CVA patients and healthy control
participants in emotional prosody comprehension.
Bowers and colleagues (1987) and Lalande and colleagues (1992) both
employed an innovative experimental paradigm to investigate dissociations in
comprehension between right and left hemisphere damaged patients.  Their
materials (in American English and Quebeçois French, respectively) included
phrases with emotional content, which were stated using various emotional
attitudes.  There were also stimuli with “pure prosody”: where the phonemes are
masked and only the prosodic information (i.e., rhythm and pitch contours)
remain.  Participants were asked to identify whether the intonation was
congruent or discordant from the literal content, as well as identify the emotional
attitude of the pure prosody stimuli.  Both groups found that right-hemisphere
CVA patients performed worse than chance when identifying the emotional
attitude of the pure prosody stimuli.  Additionally, both reports of right-
hemisphere CVA patients evidenced problems when the prosody and literal
message were discordant.
However, some conflicting results are evident among these two
investigations.  When Lalande and colleagues (1992) examined a subset of their
sample who were strictly matched by analogous lesions in each hemisphere, a
26
double dissociation was found.  The right-hemisphere CVA patients did well
when identifying the literal content of the stimuli to make inferences of the
speaker’s emotional state, yet poorly on the pure prosody task.  Conversely, the
left-hemisphere CVA patients evidenced problems in understanding the
semantic message of emotional words, instead relying on the prosodic
information to make their judgements of discordant stimuli.  Bowers and
colleagues data (1987) did not, however, support a double dissociation.  They
reported that both right and left hemisphere CVA patients evidenced problems
in the discordant condition.  However, the right hemisphere CVA patients were
significantly more disrupted by the incongruent emotional content than their left
hemisphere counterparts.  Additionally, the left hemisphere CVA patients’ and
the normal participants’ accuracy dropped in the pure prosody condition.
Despite these differences, these investigations underscore the possible
contribution of hemispheric specialization in decoding literal and prosodic
aspects of emotional speech.  However, researchers have not often specified
specific neural structures compromised in their participants or even regions
within the hemispheres that were affected (e.g., anterior, posterior).  This may, in
part, account for the mixed results between studies.
Although the majority of studies have compared unilateral CVA patients
to each other, or normal referents, or both, the study of the comprehension of
emotional prosody is enriched by investigations of patients with other etiologies.
Cohen and colleagues (1990) demonstrated the school-aged children with
temporal lobe epilepsy with a right-sided focus were more impaired in
comprehension of both emotional gesturing and emotional prosody than those
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with left-sided focus, yet both groups performed worse than age-matched
healthy children.  Additionally, Ross and colleagues (1988) commented on the
depressed emotional expression when the right hemisphere was anesthetized
during the sodium amytal procedure (Wada test).
Hemispheric Differences in the Expression of Prosody
Examination of the expression of prosody is enriched by using multiple
methods of evaluation.  One method to evaluate the expression of prosody is to
have healthy individuals listen to audio recordings of the emotional speech of
patients and control participants and evaluate it for how convincing it was
portrayed.  Another method is to examine the acoustic properties of recordings
of speech from patients and compare it to that of healthy individuals.
Conclusions regarding the lateralization of prosody expression generally
complement the literature on prosody comprehension. Results from some
investigations indicate that expression of emotional prosody is often
compromised with comprehension in right-hemisphere damaged patients (e.g.,
Wertz, et al., 1980).  However, like the literature on prosody comprehension,
production of emotional prosody can be compromised for both right and left
hemisphere damaged groups (e.g., Baum, et al., 1997).  Additionally,
dissociations between comprehension and expression have also been reported
(Wertz, et al., 1980).
Acoustic analyses of the speech production of right-hemisphere CVA
patients imply a right-hemisphere specialization for pitch production (as
measured by fundamental frequency) for both affective and linguistic prosody
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(Baum & Pell, 1997).  While the shape of the fundamental frequency contours are
similar between CVA patients and healthy control subjects, right-hemisphere
CVA patients demonstrated less variation in fundamental frequency for
emphatic stress of single words in a sentence, sentence mode (e.g., statement –vs-
question intonation), and emotional tone (Pell, 1999; Baum & Pell, 1997).
However, these results have not been replicated for all right hemisphere
damaged patients (e.g., Ryalls, Joanette &Feldman, 1987).  Similar to the
literature on comprehension of linguistic prosody, Baum and colleagues (1997)
reported that both right and left CVA patients have impoverished acoustic cues
to phrasal boundaries.  Results from acoustic analyses were also supported by
psychological interpretation of trained listeners, who gave inconsistent ratings of
phrasal boundaries for all patients (indicating the healthy listeners’
interpretations of phrasal boundaries were ambiguous).
As most investigations of hemispheric specialization for prosody involve
comparing patients suffering from CVAs who often have concurrent hemiplegia,
it stands to reason that difficulty in manipulating the articulatory apparatus may
account for some results.  Ropper (1987) described the “monotonous speech” of
right hemisphere CVA patients.  He further postulated that the prosodic deficit
resulted from a combination of severe dysarthria, slowness of speech, incomplete
pronunciation of each syllable, hypophonia, a slightly harsh voice quality, and
restricted amplitude.  Other researchers have commented on the dysarthria
associated with right-hemisphere CVAs (e.g., 85% of sample for Wertz et al.,
1980), implying that the problems in expression of prosody may also be
explained in part by motor dysregulation.  Hird and Kirsner (1993) attempted to
29
address this issue in their comparison of the acoustic properties of right
hemisphere CVA patients with that of Parkinson’s disease patients with
hypokinetic dysarthria, multiple sclerosis patients with ataxic dysarthria (from
cerebellar plaques), and healthy participants.  Results across different linguistic
and emotional utterances indicated right hemisphere involvement in duration
cues, especially for focused lexical stress (i.e., emphasizing differences between
noun phrases and noun compounds).  This indicates that the dysprosodia
associated with right hemisphere CVA cannot completely be explained by
dysarthria.
The role of attention, task demands, and awareness in the study of hemispheric
differences.  Some researchers have speculated about the possible contribution of
varying task demands explaining some of the results of linguistic and emotional
prosody comprehension among unilateral CVA patients (Bowers et al., 1987).
Luks and colleagues (1998) addressed the issues of perceptual asymmetry and
task demands in healthy young adults.  These researchers found no perceptual
asymmetries for the comprehension of syntactic prosody (i.e., statement –vs-
question identification) among healthy young adults.  However, they did report
a robust left ear (right hemisphere) advantage for emotional prosody decisions,
which was maintained even when participants were asked to judge the
emotional content of syntactic material.  Although these authors did not address
the possible role of increased attentional resources with the task demands of
emotional prosody comprehension, these data imply that interpretation of
emotional prosody is more difficult than syntactic prosody.  Lalande and
colleagues (1992) acknowledged the role of attentional resources in making
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judgements about the congruence of the literal semantic message and the
prosodic intonation.  This is especially important considering the role of the right
hemisphere in tasks requiring divided attention (Shaywitz, Shaywitz, Pugh,
Fulbright, Skudlarski, Mencl, Constable, Marchione, Fletcher, Klorman, Lacadie
& Gore, 2001; Vingerhoets & Luppens, 2001; Murray, 2000; Asbjornsen &
Hugdahl, 1995).  Additionally, some of Lalande and colleagues’ (1992)
participants evidenced some basal ganglia compromise that may also account for
some limitations of attentional resources.
Other researchers have addressed processing differences among right and
left CVA patients directly by developing experimental paradigms with varying
task demands.  Preliminary evidence suggests that decreasing the task demands
yielded improved comprehension for the left CVA patients, but not right
hemisphere patients. (Ross, Thompson & Yenkosky, 1997; Thompkins & Flowers,
1985).  Although these researchers focused on differential performance of
individuals with generic hemispheric lesions with increasing task demands, they
did not address the well-recognized notion that increasing task demands
requires more executive resources to complete a given task.  The role of executive
functioning and comprehension of emotional prosody was examined in this
dissertation as discussed in further detail in the pages that follow.
The ability to identify the emotion expressed in intoned sentences has
been associated with a host of other impairments of emotional competence and
social awareness.  Starkstein, Federoff, Price, Leiguarda and Robinson (1992;
1994) reported that comprehension of emotional prosody was associated with
anosognosia, neglect-related phenomenon (e.g., extinction on double-
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simultaneous stimulation) and deficits in the comprehension of facial emotions
among acute CVA patients.  Furthermore, patients with anosognosia
demonstrated more subcortical brain atrophy as well as white matter alterations
of the diencephalon and frontal areas.  These results could be ancillary artifacts
of the diffuse vascular injury, affecting pervasive areas of the right hemisphere
and basal ganglia rather than providing solid evidence for specific
neuroanatomical relationships between these behavioral phenomena.
Nonetheless, these data do suggest that prosodic comprehension may be
associated with more general features of affective competence illustrated in the
proposed theoretical model due to involvement of similar brain structures.
Role of commissural structures in prosody.  The role of commissural structures
in prosody expression was emphasized in Klouda and colleagues’ case study
(Klouda, Robin, Graff-Radford & Cooper, 1988).  This approach emphasizes the
integration of specialized information from both hemispheres. Given the
presence of diffuse leukoaraiosis, Ross and colleagues also emphasize the role of
the corpus callosum and white matter in integrating perceptual information
when interpreting prosody (Ross, Thompson & Yenkosky, 1997).  It is also
worthwhile considering the etiology of so-called focal damage among the
unilateral lesion patients studied. Indeed, CVAs are unlikely to provide simple
regionalized hemispheric dichotomies to study given the commonly concurrent
small vessel disease, motor problems, and depression with vascular etiologies
(especially among right-hemisphere CVAs).  By comparison, there are some
reports of aprosodia resulting from brain tumors, yet Borod (1993) has argued
that this population is also problematic as there is some potential for functional
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reorganization during neoplastic proliferation that is not possible for CVAs
because of the acute onset.
Conclusions Regarding the Lateralization of Prosody
Clearly the dominant belief of the lateralized nature of prosody, especially
emotional prosody, stems from the vast literature on unilateral lesions and
subsequent problems in the expression and comprehension of prosody.  Elliot
Ross has been an ardent supporter of this viewpoint, summarizing, “Affective
prosody is strongly lateralized to the right hemisphere, while the more linguistic
aspects of prosody are incompletely lateralized to the left hemisphere.”  (Ross,
1988, pg. 338).“  However, expressive dysprosodia has also been reported among
other clinical populations (reviewed in the pages that follow), thus implicating
that the neural substrates that support prosody are more complicated than
simply a right-vs-left issue.
Nonetheless, this widely held belief regarding lateralization of emotional
prosody may be explained, in part, by the hemispheric specialization of several
acoustic parameters in interpreting linguistic and emotional prosody.  In the
preceding review, I presented evidence that duration cues were specialized to
the left hemisphere, while pitch was processed in the right hemisphere (Baum &
Pell, 1997).  The latter is also supported by interpretation of music by the right
temporal lobe (e.g., Zatorre & Halpern, 1993).  Considering the task demands of
some linguistic and emotional prosody comprehension tasks, it is possible that
intact left hemisphere functioning (with lesioned structures in the right
hemisphere) could result in intact interpretation of duration cues, and thus
adequate interpretation/ expression on some types of linguistic prosody tasks
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(e.g., phonemic/lexical stress).  Conversely, intact right hemisphere functioning
(with lesioned structures in the left hemisphere), could result in intact
interpretation of pitch changes, and thus relatively better performance on
emotional prosody tasks.
Further, the right hemisphere specialization for emotional prosody has
been disputed by some (e.g., VanLanker & Sidtis, 1992; Baum & Pell, 1997; Baum
et al., 1997; Heilman et al., 1984; Pell, 1998; Pell & Baum, 1997b) as left-
hemisphere contributions to the comprehension and expression of prosody have
been reported.  Furthermore, the handful of case studies on aprosodia following
commissural lesions has strengthened the argument that the left hemisphere
plays some role in production of emotional prosody.
In summary, it appears that the right hemisphere is specialized for
important aspects of prosody, the comprehension of emotions, and some aspects
of attention.  However, the contribution of other neural systems, including
subcortical and frontal lobe systems, is essential to investigating the neural
substrates and clinical phenomena of the aprosodiae.  This area has been
relatively overlooked in the literature and was a primary aim of this dissertation.
Subcortical Involvement in Prosody
Clinical descriptions the aprosodiae have not been limited to individuals
with unilateral CVAs.  There is increasing evidence for the involvement of
subcortical structures in expression comprehension of emotional and linguistic
prosody.  While there is a small case-study literature on subcortical lesions due
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to CVAs, most of the conclusions regarding the role of the basal ganglia are
drawn from investigations of individuals with Parkinson’s disease.
A brief review of Parkinson’s disease.  Parkinson’s disease (PD) is a
neurodegenerative condition of the dopaminergic systems of the basal ganglia
(including putamen, caudate, internal capsule and globus pallidus) and
substantia nigra.  However, diminished neural functioning is not limited to
subcortical structures as there is secondary degeneration of the reciprocal frontal-
striatal projections, subsequently disturbing frontal and anterior temporal lobe
functioning.  The hallmark features of PD include dysregulation in initiation and
control of movement as evidenced by tremor, rigidity, and bradykinesia.  Both
speech and emotional expression are vulnerable to the disease, which is usually
interpreted as an extension of the motor disability as the disease progresses.  PD
shares high comorbity with depression, yet the incidence rates may be inflated
by misdiagnosis of depression with a combination of flat affect, little initiation
due to motor disability, and reactive mood resulting from adjustment to
increasing motor disability (Ehmann, Beninger, Gawel, & Riopelle, 1990;
Lieberman, 1987; Bieliauskas & Glantz, 1990).  While cognitive decline can occur
at later stages of the disease, many patients live with PD for years without
evidence of dementia.  However, decline in executive functioning has been
consistently related to disease progression with little relationship to memory
functioning.
Prosodic expression in Parkinson’s disease.  The expressive aprosodia in PD has
long been recognized.  In his review of the “Speech Disorders of Parkinsonism,”
Critchley (1981) described the dysarthria associated with PD as a uniform
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disturbance of respiration, phonation, articulation and diction.  This can result in
incomplete glottal closure, breathy vocal tone, and restricted range of the vocal
chords creating quiet, low, flat pitched utterances.  There is also prolonged
execution or initiation time resulting in inappropriate silences and short rushes
in speech, perhaps due to dysregulation of the ventrolateral nuclei of the
thalamus. Canter (1963, 1965) also detected pitch duration and intensity
abnormalities that corresponded to the loss of “melody” in the voice of PD
patients.  Darley, Soronson and Brown (1975) used the term hypokinetic
dysarthria to refer to the speech dysfunction associated with basal ganglia
dysfunction.  Although the term hypokinetic dysarthria is sometimes used to
describe the speech disorder of PD (e.g., Hird & Kirsner, 1993), this is potentially
problematic as PD impacts the dopaminergic neurotransmitter systems, and thus
may have more pervasive effects than a discrete lesion of the subcortical
structures.
Although the dysprosody of PD patients is believed to be due to motor
dysregulation, it is often interpreted by others as having a distinctive affective
quality.  When audio recordings of individuals with mild to moderate stage PD
and patients with heart disease were rated by naïve listeners, the voices of
individuals with PD were described as “cold, withdrawn, and anxious” (Pitcairn,
Clemie, Gray & Pentland, 1990).   Additionally, PD patients were judged as not
relating well to the interviewer, and to be enjoying the interview less than the
control participants.  Consistent with other investigations (Le Dorze, Ryalls,
Brassard, Boulanger & Ratté, 1998), acoustic analyses revealed that the
production from PD patients had more frequent pauses of longer duration, and
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restricted pitch variation.  Yet the spontaneous speech of PD patients was not
different in intensity or mean fundamental frequency from control participants.
PD patients also evidence problems in producing certain types of
linguistic and emotional prosody.  When PD patients are asked to produce
intoned speech, they have problems producing angry (Caekebeke, et al., 1991) or
questioning utterances (Scott, Caird & Williams, 1984), and producing noun
compounds which are distinctive from analogous noun phrases (e.g., greenhouse
–vs- green house; Darkins, Fromkin & Benson, 1988).  Darkins and colleagues
believe that the lexical dysprosody findings for PD are different from those
described in right hemisphere CVAs as PD patients can describe how noun
compounds and noun phrases are different, yet cannot produce these differences
consistently.  This supports the hypothesis that the expressive dysprosodia of PD
is likely an extension of the motor disability.
Prosodic comprehension in Parkinson’s disease.   Research regarding the
comprehension of emotional prosody among PD patients has been extremely
limited.  Brettenstein and colleagues (1998) compared unilateral and bilateral
Parkinson’s disease patients (Hoehn & Yahr Stage 1 & 2, respectively) and
patients with left and right cortical damage on measures of emotional faces,
emotional prosody, linguistic prosody, and an emotional face-and-prosody
matching task.  Parkinson’s patients in the later stages of the disease performed
poorly on all emotional domains when compared to healthy referents.  Stage 2
patients performed worse than Stage 1 patients when asked to integrate multiple
emotional modalities in the face-and-prosody matching task.
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Although this study did not address the possible increasing task demands
of the matching task (i.e., the role of executive resources in interpreting
emotions), the authors did comment that Stage 2 patients had particular trouble
identifying angry and frightened emotions as expressed through prosody.  While
these researchers did not assess expressive prosody in their sample, one could
speculate (based on research of PD patients’ productions of angry utterances:
Caekebeke, et al., 1991) that these individuals may have experienced difficulty in
recognizing the emotional domains for which they have most difficulty
producing. However, the generalizability of this study to other findings may be
limited as the tasks were presented in German and the native language of the
participants was not reported.  Nonetheless, Brettenstein and colleagues (1998)
approach underscores the notion that disease severity may account for some
variation in prosody comprehension.
Additionally, Brettenstein and colleagues (1998) did not assess the
comprehension of non-emotional prosody to address a possible global prosodic
comprehension deficit among PD patients studied.  When both linguistic and
emotional prosody comprehension are assessed in PD patients, a more consistent
pattern emerges.  A handful of researchers claim that prosodic comprehension is
reduced when PD patients were asked to identify sentence mode and emotional
prosody, without a concurrent loss in ability to perceive phonemic/lexical stress
or discriminate prosodic patterns (Pell, 1996; Lloyd, 1999; Scott, et al., 1984).
Lloyd further explored the issue of the meaning of sentences used in their stimuli
influencing the interpretation of emotional prosody.  When he presented PD
patients with nonsense sentences with emotional intonation, he found that, “PD
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patients can still discriminate the different prosodic patterns of speech but they
are impaired at mapping these patterns onto their appropriate meanings,”
(Lloyd, 1999, pg. 396; Pell, 1996).
Additional support for the subcortical contributions to prosody.  The role of the
basal ganglia in comprehension and expression of prosody have been explored
by examining other neurologic conditions.  Huntington’s disease is a genetic
disorder of mid-life that causes involuntary movement and psychiatric
symptoms as a result of degeneration of the caudate and frontal cortex.
Consistent with the findings for PD, Huntington’s patients are impaired in both
sentence modality and affective prosody (Speedie, Brake, Folstein, Bowers &
Heilman, 1990).  A general case for basal ganglia contribution to comprehension
of prosody (with limited motor involvement of affect or psychiatric symptoms)
has been made by case reports of discrete CVA lesions of the basal ganglia.
Cohen and colleagues reported a case of a 16 year-old who suffered a lesion to
the right putamen, body of the right caudate extending to the corona radiata
secondary to CVA.  This individual evidenced difficulties with emotional
prosody expression (including repetition) with good prosodic comprehension
(Cohen, Ricco & Flannery, 1994).
The Role of Emotional Comprehension in the Interpretation of
Emotional Prosody
Some researchers have explored the hypothesis that emotional prosody
deficits may represent a single manifestation of a more general deficit in
emotional comprehension.  The experimental approach most often employed has
been to ask patients to identify the emotion expressed in photographs of faces.
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Brettenstein and colleagues (1998) reported that both advanced-stage PD patients
and right hemisphere damaged individuals performed worse than left
hemisphere damaged patients on tests of both facial and emotional prosody
recognition.  These results are not uniformly supported, however, as Caekebeke
and colleagues (1991) reported intact comprehension for both emotional prosody
and cartoon facial expressions among PD patients.  Drawings of human facial
expressions are not desirable stimuli as they may represent archetypic
expressions.  Even still, Caekebeke and colleagues’ (1991) findings still support
the hypothesis that comprehension of emotional faces and of emotional prosody
are related in individuals with PD.  However, the executive resource demands
that may be required in interpreting multiple modalities (i.e., using visually
mediated skills for interpreting faces and auditory mediated skills to interpret
prosody) of emotional stimuli has not been explored in Parkinson’s disease.
Thus, the role of processing emotional and non-emotional stimuli as well as the
assessment of executive function skills are important issues that were addressed
in this dissertation.
Frontal Systems Involvement in the Comprehension & Expression of Prosody
Clinical evidence has also implied that frontal function plays a role in
prosody comprehension.  This is of particular relevance to the present
investigation as individuals suffering from Parkinson’s disease have problems
with executive functioning, which is usually attributed to the integrity of the
frontal lobes.
Hornak and colleagues reported that patients with damage to the ventral
frontal lobe could not correctly identify emotionally intoned utterances (Hornak,
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Rolls & Wade, 1996). The performance of these individuals was worse than that
of patients with brain damage outside of the ventral frontal lobes on both
measures of emotional prosody and faces. However, the ventral frontal damaged
patients were able to reproduce emotional prosody such that healthy raters could
identify the emotional category with 60% accuracy (chance =14%;).  These data
suggest that the comprehension of emotional prosody is associated with the
ventral frontal lobes.  Additionally, comprehension of emotional prosody
appears to be orthogonal to its expression among ventral frontal lesioned
patients.  Clinical evaluation of the prosodic expression of these poor prosody
identifiers indicated that many could produce exemplars on command.  This
indicates that they can produce the acoustic elements (e.g., pitch, rate, and
volume) fairly convincingly in emotionally intoned speech.  However, it remains
whether this can be used spontaneously and appropriately with compromise to
the ventral frontal lobes that orchestrate, inhibit, and reinforce emotional
behavior.
Thus, it is hypothesized that the dysprosodia exhibited by patients with
compromised function of ventral frontal systems is primarily the comprehension
of emotional intonation.  The ability to produce affectively intoned statements
remains intact, as the neural substrates that control the motoric articulation of the
acoustic elements of prosody remain unscathed by focal ventral frontal lobe
dysfunction.
Although some ventral frontal lobe damaged patients may be able to
repeat prosodically intoned utterances, their understanding and interpretation of
prosody may be impaired due to a more general impairment in regulating
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affective information by the frontal lobes.  Hornik and colleagues (1996)
conceptualized this phenomenon in stroke and brain injured patients as an
“auditory affective agnosia.”  Just as visual agnosics can reproduce flawless
drawings without recognizing the content, it is predicted that frontal lobe
damaged patients will have impaired comprehension of emotional prosody.
However, despite these predictions regarding emotional prosody, the
comprehension and production of non-affective prosody should remain intact
among patients with compromise to frontal systems functioning.
The Impact of Affective Disorders on Comprehension & Expression of Prosody
Depression has been associated with dysfunction of the left frontal, right
posterior, or both cerebral regions (Heller, 1990).  This is congruent with other
behavioral syndromes that evidence problems in interpreting emotional
communication (e.g., right-hemisphere CVA, non-verbal learning disability)
including comprehension of emotional prosody.  Although limited, there are a
handful of investigations that have addressed whether chronic mood disturbance
can color an individual’s identification of emotional prosody.
Emerson and colleagues examined the ability of depressed 9, 10, and 11
year old boys to determine whether emotional messages communicated via
prosody and by the literal meaning of the spoken words were congruent or
incongruent (using stimuli from Bowers et al., 1987).  Depressed boys were less
accurate than controls when evaluating stimuli where the prosodic and semantic
messages were both congruent and incongruent for emotional content and
prosody (Emerson, Harrison & Everhart, 1999).  A noteworthy exception was the
depressed boys’ correct identification of sadness in the congruent condition, but
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not when the incongruent stimuli were presented.  This indicates that the
depressed boys relied more on the semantic content, rather than the prosodic
intonation of the expressions of sadness.  This evidence is also congruent with
theories of person perception as the depressed boys’ performance was relatively
better for the emotional domain in which they were most experienced (i.e.,
sadness).
However, the impact of depression may have an indirect impact on the
comprehension of emotional stimuli.  Emerson and colleagues did not address
the impact of chronic mood disturbance on cognition in their sample.  It is
possible that the depressed boys’ emotional prosody comprehension deficits
could also be explained by problems in marshalling adequate attentional
resources.  The impact of depression on attention and memory has been well
characterized among adults (e.g., the phenomenon of pseudodementia).  As
reviewed previously, some researchers have postulated that the contrasts among
right and left CVA patients in emotional prosody comprehension may be an
issue of increasing task-demands.  Thus, the proposed study will attempt to
measure the impact of attention and working memory function on
comprehension of prosody.
Neural Bases of Prosody: Neuroanatomic Evidence
Although there is a rich literature regarding the impact of neurologic
syndromes on the comprehension and expression of emotional and linguistic
prosody, direct study of the activation of the neural substrates engaged while
interpreting and producing prosody is in its infancy.
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Functional Neurophysiological Correlates Implicated in Prosodic
Comprehension
In general, functional neurophysiological investigations of healthy young
participants have complemented the unilateral lesion literature, indicating some
right or bilateral activation for prosody comprehension, depending upon the
methods employed.  Investigations using electrophysiological techniques (EEG
and ERP) have concluded that emotional prosody is processed in the right
hemisphere.  Pihan, Altenmüller and Ackerman (1997) found that happy and sad
sentences of neutral semantic content elicited similar patterns of DC-potential in
right frontal areas.  These findings are supported by Kotz and colleagues who
concluded from their ERP findings that the semantic content of their stimuli was
processed early in the left hemisphere, but the affective meaning was processed
in the right hemisphere (Kotz, Alter, Besson, Schirmer & Friederici, 2000).
Wildgruber and colleagues’ recent functional magnetic resonance imaging
(fMRI) study involved asking participants to identify prosodic characteristics in
identically worded statements (Wildgruber, Pihan, Erb, Ackermann & Grodd,
1999).  Pairs of sentences were presented.  In the first sentence pair, participants
identified the happy, sad, or neutral intonation.  The second pair included
different duration or pitch range for stressed syllables.  Results revealed bilateral
frontotemporal activation when identifying emotional category.  However, there
was increasing right-sided lateralization for inferior orbitofrontal cortex and the
right superior temporal gyrus for same sentences with differences in pitch and
duration of stressed syllables.  These researchers found no significant differences
for emotional category.  However, when they examined the participants who
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were more accurate in their judgements, they found significant activation within
the right inferior frontal gyrus and bilateral superior temporal sulci as compared
to the low accuracy group.  The right-sided activation may represent a search for
novelty in the stimulus that immediately follows a similarly structured initial
stimulus. Additionally, female participants showed higher activation amplitudes
with in the posterior part of the left middle temporal gyrus.  In contrast, male
participants evidenced a bilateral hemodynamic response in more anterior parts
of the superior temporal gyrus.  As all of the auditory stimuli were spoken by an
actress, these results should be interpreted with cautious as there may be an
interaction of sex of speaker by sex of listener.  This would complement
preliminary evidence for emotional facial recognition (Gur, personal
communication). In contrast with evidence from some reports of unilateral lesion
patients, they found no lateralization for pitch or duration changes.
Mayer and colleagues examined cerebral activation when producing
phonemic stress, the mode of a sentence, and the affective quality of a series of
repeated phonemes (Mayer, Dogil, Wildgruber, Riecker Ackermann & Grodd,
1999).  Results indicated left temporal superior gyrus activation for the phonemic
stress, posterior right superior temporal gyrus activation for sentence mode, and
anterior right superior temporal gyrus activation for affect.   Results from most of
these studies have indicated involvement of the right temporal and frontal areas
in emotional prosody comprehension and simulated production.  However,
these conclusions are not universal across experimental paradigms.  Selection of
appropriate baseline procedures and stimuli as well as participant factors (e.g.,
sex) may explain divergent results between these studies.  Additionally, many of
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these functional neurophysiologic measures are not specialized to monitor
subcortical activation.
Overview of Proposed Experimental Paradigm
Purpose
I sought to achieve several objectives with this dissertation.  First, an
exploration of the proposed theoretical models could make an important
contribution to the literature on emotional and linguistic prosody.  Secondly, the
current literature has conceptualized emotion using folk-psychological
categories.  The phylogenically-based continuum of emotion acknowledges
hypotheses regarding the evolutionary history of social communication for
present-day communication of emotion via prosody.  I evaluated this approach
by comparing evaluations of emotional prosody on a continuum scale, and
comparing it to evaluations of non-emotional prosody using a continuum that
manipulates similar acoustic parameters.  Aside from the theoretical and
methodologic objectives for this study, the emotional comprehension of
individuals with Parkinson’s disease and neurologically healthy older adults was
investigated.  In doing so, I attempted to mete out the relative contributions of
emotional competence, motor functioning, affective state, and working memory
to comprehension of emotional and non-emotional prosody.  These objectives
were achieved by implementing the experimental paradigm described in
subsequent sections.
Experimental Paradigm
To further orient the reader to this dissertation, a conceptual overview of
the experimental paradigm is presented.  A detailed report of the methods used
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follows the predictions in the methods section.  The following experimental
paradigm was used to evaluate the theoretical models in healthy young and
neurologically healthy elderly individuals and individuals in the early stages of
Parkinson’s disease.
Evaluating receptive prosody.  Comprehension of prosody was evaluated by
asking participants to make judgments regarding audio recordings that they
heard.  The audio samples consisted of recordings of actors portraying different
attitudes: both emotional and non-emotional.  The participants judged these
tokens on two continua: an emotional continuum and a non-emotional
continuum.  The emotional continuum ranged from tentative-to-dominant
emotions, with neutral emotion at the mid-point.  Participants were asked to
judge each audio recording of emotions on a 5-point Likert-type item rating
scale.  The non-emotional continuum included variations of interlocutor distance.
It ranged from very near-to-large distance between the speaker and the intended
listener, with a conversational tone at the mid-point.  The distance condition
served as a within-subjects baseline of non-emotional prosody.  It is a salient
manipulation of important acoustic elements of emotional prosody (i.e.,
duration, pitch and volume) yet these elements can be manipulated to form non-
emotional intonation.  This task provided a non-linguistic, non-emotional
baseline that is scaled in a similar manner to the phylogenic continuum of
emotion.
Background measures.  Several other background measures were essential to
determine mediating variables in the comprehension of emotional prosody.
Comprehension of emotion as expressed by facial gestures was evaluated to
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assess whether deficits in comprehension of emotional prosody can be explained
by a more general deficit in affective competence.  Performance on a measure of
emotional facial recognition was compared to non-emotional facial matching to
evaluate the role of visual-perceptual processing of faces in potential deficits in
emotional facial recognition.  Similarly, a task evaluating the perception of subtle
changes in acoustic elements of pitch, volume and duration evaluated the
potential impact of a primary auditory perceptual impairment.  The impact of
working memory on comprehension of emotional material was explored.
Additionally, the relationship between comprehension and expression of
emotional and non-emotional prosody was evaluated with analysis of acoustic
properties of participants’ recorded voice samples.  Descriptive measures were
recorded to evaluate demographic and exclusion criteria, including a screening
for dementia, depression, sinistrality, and other neurologic conditions.
Groups of interest.  There were three groups of interest: healthy young adults,
elderly adults without history of neurologic illness or injury, and individuals in
the early stages of Parkinson’s disease.  The selection and exclusion criteria, as
well as procedures for recruiting, are detailed in the methods section.  However,
the contribution of each experimental group to the proposed theoretical models,
hypotheses and predictions is outlined in the subsequent sections.
Young healthy referent.  This group provided normative data for the
experimental measures designed for this investigation.
Old healthy referent.  Similar to the younger healthy group, the elder control
group (EC) provided the context of an age and education matched referent for
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participants with Parkinson’s disease.  As executive functions decline in typical
aging (Albert & Kaplan, 1980; Daigneault, Braun & Whitaker, 1992; Libon,
Glosser, Malamut, Kaplan, Goldberg, Swenson & Prouty Sands, 1994;
Mittenberg, Seidenberg, O'Leary & DeGiulio, 1989; Whelihan & Lesher, 1985;
Van Gorp, Satz & Mitrushina, 1990; Veroff, 1980), some qualitative differences
may be found that illustrate the role of mild executive dysfunction without
motor or other cognitive impairment.  Recent reports of affective prosody
comprehension have suggested decline in comprehension of affective prosody
with age (Orbelo, Testa, & Ross, in press).  Although there were no predicted
differences between the young and older referent group, data from both groups
was collected to evaluate performance on experimental measures.
Parkinson's disease (without depression, without dementia).  Among the
associated features of Parkinson's disease are depressed affect, flat prosody and
hypophonia.  More recent experiments have attempted to elucidate whether
receptive comprehension of prosody and emotional faces are also compromised
in Parkinson's disease.  Clearly the dysarthria/dysphagia associated with
Parkinson's disease could possibly account for the impaired expression of
linguistic and affective prosody and of facial gestures.  However, the
comprehension of such paralinguistic cues has revealed mixed results in initial
studies, especially when examining linguistic and emotional prosody.  This may
represent an artifact of the variety of methods chosen, none of which have
attempted an evolutionarily-informed experimental paradigm.  Inclusion of a
group of participants suffering from Parkinson’s disease would isolate the
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contribution of motor abilities to the comprehension of affective and non-
affective prosody.
Hypotheses and Predictions
Based on the preceding literature review and theoretical models
presented, four hypotheses were derived for this thesis:
1. Healthy adults will be able to evaluate speech utterances using a continuum
of emotion as well as a non-affective continuum.  Specifically, healthy
participants will be able to evaluate the distance between speaker and
intended listener (i.e., interlocutor distance, an example of non-affective
prosody) as well as the emotional attitude of the speaker using a continuum
of emotion (affective prosody).
There were three possible outcomes:
2a. If the PD group demonstrates global comprehension deficits in both affective
and non-affective prosody, this will be consistent with the prosodic
competence model. This hypothesis would further be supported by poor
performance (relative to age-matched, neurologically healthy controls) on an
acoustic perception task that isolates manipulations in pitch, volume, and
rate.
2b. If the PD group demonstrates poor performance on comprehension of
affective prosody, yet adequate comprehension of non-affective prosody, this
will be consistent with the affective competence model. However, component
cognitive skills (e.g., perception of acoustic components of prosody: rate,
pitch, and volume) will need to be intact to support this model as poor
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affective prosody comprehension could also be explained by impaired
perceptual abilities or impaired emotional processing. Additionally, the
impact of the emotional impairment should not be modality specific (i.e.,
isolated to emotional prosody).  Thus, the affective competence model would
receive additional support from the demonstration of impaired recognition of
emotional faces with intact recognition of unemotional faces.
2c. Alternatively, emotional processing could be a modality specific process.  The
modality specific model of affective processing would be supported if the PD
group performed poorly on affective prosody, yet within normal limits on
non-affective prosody, acoustic perception, and other emotional processing
and cognitive measures.
3a. Executive functioning has been implicated in the regulation of emotional
experiences and interpretation of emotional stimuli.  Measures of working
memory will inform the relative contribution of executive resources in
making decisions regarding emotional and non-emotional stimuli.  Thus if
the affective competence hypothesis (2 b) is supported, further analysis will
determine whether measures of affective prosody comprehension are
correlated with measures of working memory, but not to that of non-affective
comprehension.
3b. As deficits in executive function are also associated with increasing age
among elders, it is predicted that measures of working memory will be
associated with comprehension of emotional processing in the PD and
healthy elder groups (i.e., with weaker associations for young control
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subjects).  Thus, neurologically healthy older adults may evidence subtle
deficits in comprehension of emotional prosody.
4. Consistent with clinical literature, the expressive prosody of individuals with
Parkinson’s disease is expected to be hypophonic, amelodic, and arhythmic.
Thus, it was predicted that this group would have decreased speech rate.
However, similar to the orthogonal nature of many acquired aphasia
syndromes, it was predicted that speech rate would not be correlated to gross
comprehension of prosody.
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METHODS
Overview of Hypotheses and Predictions
The hypothesis and predictions outlined in the introduction are reviewed
below with the statistical methods that were used to evaluate each hypothesis.
Hypothesis 1: Prosody Comprehension of Healthy Adults
It was predicted that healthy adults would be able to evaluate speech
utterances using a continuum of emotion as well as a non-affective continuum.
Specifically, it was predicted that healthy participants would be able to evaluate
the distance between speaker and intended listener (i.e., interlocutor distance, an
example of non-affective prosody) as well as the emotional attitude of the
speaker using a continuum of emotion (affective prosody).  This was evaluated
by using a mixed-model group by prosodic condition (2 x 2) repeated measures
ANOVA and paired t-tests for the control groups.
Hypothesis 2:  Evaluating the Prosodic Competence, Affective Competence, and
Modality Specific Affective Processing Models
There were three possible outcomes for Hypothesis 2.  First, if the PD
group demonstrated global comprehension deficits in both affective and non-
affective prosody, this would have supported the prosodic competence model.
Specifically, this prediction was tested with a mixed-model group by prosodic
condition (3 x 2) repeated measures ANOVA to determine if there was a
difference for a particular type of prosodic comprehension between the groups.
This prediction was further evaluated by within group paired t-tests for affective
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and non-affective prosody comprehension, and between group t-tests comparing
each type of prosody comprehension among groups.  The prosodic competence
model would further be supported by poor performance among PD participants,
relative to age-matched neurologically healthy controls, on an acoustic
perception task that isolates manipulations in pitch, volume, and duration.  This
was tested using a between group, mixed-model group by acoustic element (3 x
3) repeated measures ANOVA, and within group, repeated measures (1 x 3)
ANOVAs.
If the PD group demonstrated worse performance on judgments of
affective prosody relative to performance on non-affective prosody
comprehension tasks, this would have supported the affective competence model
(Hypothesis 2b). However, component cognitive skills (e.g., perception of
acoustic components of prosody: duration, pitch, and volume) needed to be
intact to support this model as poor affective prosody comprehension could also
be explained by impaired perceptual abilities.  This hypothesis would be
bolstered with evidence for impaired emotional comprehension on a non-
prosodic task. Thus, the affective competence model would be supported with
additional evidence of poor recognition of emotional faces with intact
recognition of unemotional faces as determined by between group one-way
ANOVAs and between group t-tests.
Alternatively, emotional processing could be a modality specific process.
The modality specific model of affective processing would be supported if the
PD group performed poorly on affective prosody, yet within normal limits on
non-affective prosody, acoustic perception, and other emotional processing and
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cognitive measures.  This was evaluated by using the ANOVA models, within
group paired t-test and between group t-test analyses as outlined for Hypotheses
2a and 2b.
Hypothesis 3: The role of executive functioning in emotional comprehension
Executive functioning has been associated with the regulation of
emotional experiences and interpretation of emotional stimuli.  Measures of
executive function informed the relative contribution of executive resources in
making decisions regarding emotional and non-emotional stimuli.  Thus if the
affective competence hypothesis (2 b) was supported, it was also predicted that
measures of affective prosody comprehension would be correlated to measures
of working memory, but not to that of non-affective comprehension.  This was
evaluated with the Pearson binomial correlation technique.  To determine if there
were statistically significant differences between the correlation coefficients,
comparisons of the correlation coefficients were conducted (Steel, Torrie &
Dickey, 1997).
As deficits in executive function are associated with both Parkinson’s
disease and (to a lesser extent) increasing age among elders, it was predicted that
measures of executive functioning would complement these findings.  If an
association between executive functioning and comprehension of emotional
processing was found, it was predicted that neurologically healthy older adults
will evidence subtle deficits in comprehension of emotional prosody.  If
supported, this prediction would be interpreted as the role of executive
functioning in making judgements of emotional stimuli.  This hypothesis was
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evaluated by employing the Pearson’s correlation technique as described
previously.
Hypothesis 4:  The relationship between Expressive and Receptive Prosody
Consistent with clinical literature, the expressive speech of individuals
with Parkinson’s disease was expected to be arhythmic.  Thus, it was predicted
that this group would have decreased speech rate (an assay of expressive
prosody).  This was evaluated by using between group one-way ANOVAs
comparing words produced per second of a recorded sample of spontaneous
speech.  However, it was predicted that speech rate would not be correlated to
gross comprehension of prosody as measured by Pearson’s correlation
technique.
Participants
This study involved three groups: individuals in the early stages of
idiopathic Parkinson’s disease, and two groups of neurologically healthy adults
(young and elderly).  All participants were native American English speaking
males and females, right-hand dominant, and had adequately corrected or
unimpaired auditory and visual acuity.  Participants were excluded if their
medical record reported history of head injury, seizures, substance abuse,
documented exposure to neurotoxins, cerebrovascular event, aphasia, dementia,
or developmental learning disability.   Participants were also excluded if they
reported history of psychiatric disturbance, or other concurrent neurologic
disorder than the diagnosis of interest (including dementia). All participants
completed written informed consent prior to participation.  Pilot study
participants gave informed consent by means approved by
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Drexel/MCP/Hahnemann’s Institutional Review Board (approved on
1/31/2001); all others gave informed consent by means approved by the
Hospital of the University of Pennsylvania’s Institutional Review Board
(continuing approval as of 3/21/2000).  A summary of participant groups can be
found in Table 2.1.
Parkinson’s Disease Participants
Participants with Parkinson’s disease (PD) were recruited from the
Movement Disorders Clinic at Pennsylvania Hospital.  Participants gave
informed consent by means approved by the Hospital of the University of
Pennsylvania’s Institutional Review Board.  In an attempt to bolster
participation, PD participants completed experimental tasks in an appropriate
space in their home.  Eleven individuals (6 males and 5 females) who were in the
mild stage of idiopathic Parkinson’s disease (PD) were included in this
investigation.  All were classified as Hoehn and Yahr stage 1 or 2 (Hoehn & Yahr,
1967).  A board-certified neurologist administered the Unified Parkinson’s
Disease Rating Scale (UPDRS) within 6 months of initiation of data collection to
determine disease stage and severity.  The UPDRS scores were consistent with
Hoehn and Yahr ratings.  All participants were taking dopaminergic agents for
their motor disturbance but were not taking sedating medication at the time of
data collection.  Average age was 66.9 years (standard deviation = 9.3) and
education was15.2 years (standard deviation = 2.5).  All PD participants did not
meet criteria for dementia and did not demonstrate gross cognitive decline, as
measured by performance on the Mini-Mental State Examination (Folstein, 1972;
MMSE; mean = 28.6, standard deviation = 1.0) and the qualitative opinion of the
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examiners who worked with these individuals.  Although between group t-tests
indicated statistically significant differences between PD and age-matched
controls on the MMSE, the mean difference was less than one point and was not
interpreted as a meaningful difference in dementia status (see Table 2.1).  All PD
participants had minimal to no depressive symptoms, as measured by the Beck
Depression Inventory, Second Edition (BDI-2, Beck, 1996; mean = 5.3, standard
deviation = 3.5).
Healthy Elders
These individuals were drawn from a cohort of participants who have
participated in other investigations of the Cognitive Neurology Clinic at the
Hospital of the University of Pennsylvania.  They included healthy caregivers
and spouses of patients receiving clinical services, and those registered with the
Institute on Aging of the University of Pennsylvania. Participants gave informed
consent and were offered financial compensation for their participation with
procedures approved by the Hospital of the University of Pennsylvania’s
Institutional Review Board. The 16 healthy elders included in this study were
comparable to the PD group in terms of gender (6 males, 10 females), age  (mean
= 69.1, standard deviation = 8.1) and education (mean = 15.5, standard deviation
=2.5).  They were free of gross cognitive decline (mean MMSE= 29.4, standard
deviation = 0.8), significant depressive symptoms (mean BDI-2 = 3.9, standard
deviation = 3.8) and other exclusionary criteria listed previously.
Healthy Adults
Sixteen healthy adult participants gave informed consent by means
approved by the Hospital of the University of Pennsylvania’s Institutional
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Review Board. They were offered financial compensation for their participation.
Although younger than the PD and EC groups (mean age = 20.6 years, standard
deviation = 2.2), participants were comparable to the PD and EC groups in terms
of education (mean = 14.6 years; standard deviation = 1.6) and ratio of males to
females (8 males, 8 females). They endorsed minimal depressive symptoms (BDI-
2 mean = 6.2, standard deviation = 4.7) and were free of other exclusionary
criteria listed previously.
Table 2.1:  Summary of description of participants. Means and (standard
deviation).  N/A= not assessed.
Parkinson’s
(PD)
Healthy
Elders (EC)
Healthy
Adults (YC)
Group comparisons
Number of
participants
11 16 16
Age (in years) 66.9 (9.3) 69.1 (8.1) 20.6 (2.2) PD = EC
PD > YC
EC > YC
(p’s<.001)
Sex (% male) 55 38 50 PD = EC = YC
x2 [2] = .89, p = .64
Annett
Handedness-
Revised
19.6 (5.4) 19.7 (4.9) 17.9 (4.2) PD=EC=YC
Education
(in years)
15.2 (2.8) 15.5 (2.5) 14.6 (1.6) PD=EC=YC
Depression
(BDI-2)
6.5 (4.0) 3.9 (3.8) 6.2 (4.7) PD=EC=YC
Cognitive
Status MMSE
28.6 (1.0) 29.4 (0.8) N/A EC > PD, p = .02
Materials & Procedure
Descriptive Measures
A handful of measures were identified to select participants and to
describe features of the experimental groups. All behavioral measures were
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obtained by examiners with training in psychometrics using standard assessment
procedures, except when noted otherwise.  These measures are included in
Appendix A.
Dementia screening.  Gross cognitive status was measured using the Mini-
Mental Status Exam (Folstein, Folstein & McHugh 1975).  This 30-point measure
is widely used among psychiatric and neurologic patients to screen for dementia.
A score of 24 or lower indicates mild to moderate dementia (Abrams, Beers &
Berkow, 1995). However, Lezak indicated that signs of cognitive decline
associated with non-Alzheimer’s dementias can be observed among patients
with scores of 26 and lower (Lezak, 1995).  Therefore a cut-off score of 27 was
used.
Depression screening.  Participants were screened for depressive symptoms with
the Beck Depression Inventory, Second Edition (BDI-2; Beck, Steer & Brown,
1996) and did not report a history of major depressive disorder.  Participants
were excluded if they scored a 14 or above on this measure (n=9; see Appendix F
for further analysis of these participants).  The BDI-2 has been validated with
more than 500 participants, including older adults (to the age of 86).  This self-
report, ordinal-level measure was chosen for two reasons.  First, it relies on
participant report of behavior and mood, rather than the subjective judgment of
an interviewer (e.g., Hamilton Depression Inventory).  As PD patients display a
flat affect, and limited facial expression, subjective reports of depression may be
biased towards PD patients “looking depressed” when they may not feel
depressed.  Second, many depression measures survey physical activity level.
These measures may not be appropriate for individuals who have a primary
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motor disability.  The BDI has been validated with PD patients, and is considered
to be an appropriate measure of depressive symptoms where the motor disability
associated with the disease is not considered to inflate level of depression
(Levin, Llabre & Weiner, 1988).  The physical activity items of the BDI-2 have not
been substantively changed from the original BDI (Beck et al., 1996).  Yet with a
wider range of ages surveyed in its development, the BDI-2 is a more
appropriate measure of depressive symptoms among the PD group.
Health history & laterality.  Hand dominance was evaluated using the modified
inventory of Annett (Briggs & Nebes, 1975).  Participants were right-hand
dominant as indicated by a score between 10 and 24 points (Appendix A).
Other demographic and medical data (e.g., disease stage and duration)
were obtained from the examining neurologist (summarized in Appendix A).  As
mentioned previously, all PD participants were in the mild stage of the disease,
as quantified by the United Parkinson’s Disease Rating Scale (UPDRS) and the
Hoehn and Yahr ratings.  The UPDRS and Hoehn and Yahr ratings were
administered by board certified neurologists, within four months of the
participants’ participation in this investigation.  Information regarding
participants’ medication regimes was reviewed.  All PD participants were taking
dopamine-enhancing medications; no participants were taking sedating
medications.
Prosody Comprehension Measures
The comprehension of prosody was evaluated by using the Penn
Continuum Evaluation of Prosody (PCEP, Figure 2.1).  The PCEP was developed
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for this dissertation.  All stimuli for the PCEP consisted of 4 syllable utterances
using various manipulations of prosody.  The content included dates, quantities,
and single syllables repeated four times (e.g., “November fourth”, “One
thousand one”, “ma-ma ma-ma”).  The content of dates and quantities was
selected to minimize semantic loading, as there are few semantic attributes and
categorical kinds that are associated with content of this nature.  The corpus of
audio recordings is included on the CD-ROM that accompanies the bound
volume of this manuscript.
The dependent measure for each of the PCEP tasks was a difference score.
Expected scores for each item were derived from normative pilot data. Details
regarding the development of the PCEP and normative inter-rater judgement
data are described in detail in Appendix B.  The sum of absolute differences score
was derived by comparing each participant’s response to the agreement ratings
from the normative pilot study for each item.  The absolute difference between
the observed (i.e., participant’s response) and expected (i.e., normative
judgments) values was recorded for these items, and summed for each subtest,
thus yielding the dependent measure of absolute difference scores.
Several researchers have used the percent correct score as a measure of
performance on prosody comprehension measures.  However, the sum of
absolute difference scores was believed to be more sensitive than traditional
measures of percent accurate for three reasons.  First, the range of possible
responses for the sum of absolute difference scores is greater (0 to 180 compared
to percent accurate 0 to 100), thus affording a larger variance in participants’
responses.  Secondly, the sum of absolute difference score, combined with the
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Likert-type scaling, affords the expression of the degree of confidence
participants have in their judgments of stimuli.  In a sense, participants are
awarded “partial credit” for near agreement with the judgments of the normative
sample for each item.  Finally, the notion of “accuracy” is a moving target as
there is no “correct” answer for the perception of emotional stimuli.  Rather,
normative data can merely provide a range of possible interpretations of
emotional stimuli and a measure of agreement for the interpretations for a given
stimulus.  That said, the sum of absolute differences scores reflects the degree of
agreement with the range of judgments of the normative sample.
Some researchers have argued difference scores are limited because of the
potential response bias of regression to the mid-range of the Likert scale.
However, I believe the potential gains in the sensitivity of sum of absolute
differences measure as compared to the percent accurate score outweigh the
potential limitations of difference scores.  Thus, the sum of absolute differences
score was used as the dependent measure for the prosody tasks.
A general description of the task and administration procedures is
outlined in the pages that follow.
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Figure 2.1:  Overview of the components of the Penn Continuum Evaluation of
Prosody (PCEP).
Continuum-based prosody.  The continuum-based prosody stimuli included two
conditions: affective and non-affective.  The affective condition required
participants to listen to each stimulus and make a continuum-based judgment of
the emotion the speaker expressed.  The affective continuum ranged from
passive-to-dominant (Figure 2.3).  The non-affective continuum used interloculor
distance to manipulate prosodic parameters in a non-emotional manner.  This
variant of prosody manipulated the distance between the speaker and the
intended listener, and ranged from a personal exchange at close proximity
(referred to as “tête à tête”) to a substantial distance between speakers (referred
to as “distant,” Figure 2.2).
Continuum-based Prosody
(content: dates & quantities)
Acoustic
discrimination
Distance
Tête a Tête to
Distant
Affective
Passive to
Dominant
“Ma-Ma Ma-Ma”
Difference detection for
acoustic elements
(pitch, volume, duration)
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Participants were introduced to the distance continuum and then were
asked to make judgments on a 5-point Likert-type scale for each stimulus (for
details regarding training and procedures, refer to subsequent sections).  The
scale ranged from 1- tête à tête to 3- conversational distance to 5- distant.
1 2 3 4 5
Tête à tête
Under breath
Conversational
Distance
Distant
In presence of
loud ambient
noise
Figure 2.2:  The continuum of non-affective prosody used in the PCEP.
Similarly, participants were asked to make judgments on a 5-point Likert-
type scale for each stimulus that was affectively intoned.  The scale ranged from
1- passive to 3- emotionally neutral to 5- dominant. Presentation of the affective
and non-affective conditions of the PCEP was counterbalanced between
participants.
1 2 3 4 5
Tentative
Cautious
Uncertain
Passive
Affectively
Neutral
Authoritarian
Confident
Forthright
Dominant
Figure 2.3:  The continuum of affective prosody used in the PCEP.
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Perception of acoustic elements. The perception of acoustic elements screening
was devised as a background measure to identify the extent to which perception
of discrete acoustic elements in naturalistic speech contributes to comprehension
of prosody.   The same professional actors that produced the continuum stimuli
repeated the syllable “ma” 4 times, using regular cadence, and consistent pitch
and volume.  An exemplar from each actor was manipulated to create template
utterances with consistent fundamental frequency, duration of syllables, and
amplitude, while still maintaining natural sounding speech.  The final syllables
of these templates were manipulated to create different intensity levels of the
three fundamental acoustic elements.  Only one acoustic element from the
neutral template was manipulated for each token (see summary in Table 2.2).
Table 2.2: Summary of type of acoustic manipulations for the acoustic perception
screening. The factor of manipulation varied from actor to actor.
Acoustic Element
Manipulated
(all other acoustic elements
held constant)
Intensity and Direction of Manipulation
Amplitude Lower Low High Higher
Fundamental
Frequency
Lower Low High Higher
Duration Longer Long
Normalized to
fundamental
frequency,
duration of
utterance, &
mid-range
amplitude
Short Shorter
Forty-eight utterances were created with various acoustic manipulations
of the final syllable. Twelve utterances were presented in blocks by acoustic
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element (e.g., pitch, duration, volume) with an equal number of copies of the
normalized template utterance. Participants were asked to identify if the pitch,
volume, or duration of last syllable sounded different than the rest of the
utterance using a 5 point-Likert scale (Figure 2.4).  This scaling afforded the
comparison of the acoustic screening with other PCEP conditions.
1 2 3 4 5
Much less
Intense
Slightly Less
Intense
Similar Slightly More
Intense
Much more
Intense
Figure 2.4:  The difference judgement continuum of acoustic perception used in
the PCEP.  Participants were asked to:  “Rate how different the volume is on the
last syllable compared to the rest of the phrase.”  Similar instructions oriented
the participant to changes in duration and pitch.
Procedure for administration of the PCEP. The PCEP was presented on a G3
series PowerBook computer (Apple Computers, Cupertino, CA) using PsyScope
software (Cohen, MacWhinney, Flatt & Provost, 1993) and professional quality
audio headphones (Optimus Pro 50 MX).  Presentation of the affective and non-
affective condition was counterbalanced, and an interactive training occurred
prior to each condition to introduce participants to each continuum. During the
interactive training session, participants heard 30 of the exemplars, (5 each of
intensity 1, 3, and 5 for each condition (i.e., affective and non-affective) with the
best consistency ratings from the pilot study (see Appendix B for details on
consistency ratings).  Following the training, the experiment program presented
90 unique auditory stimuli at 4500ms intervals.  Participants responded to either
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the non-affective or the affective continuum judgments using an array of buttons
representing a Likert-type scale (1 through 5) for each stimulus.  A customized
foam-core keyboard overlay was used to simplify the visual response choices for
participants.  This overlay was sturdy enough for participants to rest their hands
close to the response buttons, thus minimizing the latency to respond and the
motor and visual search components of the task.  Affective and non-affective
conditions were counterbalanced.
For the continuum judgments, 90 stimuli were presented in a random
order within each non-affective and affective condition.    In other words, a block
of 30 exemplars from affective continuum value 1 and 30 exemplars from
affective continuum value 5 were presented in randomized fashion (consistent
between subjects) with 30 affectively neutral stimuli (value 3).  Participants were
asked to respond to the prompt: “Is the emotion expressed more tentative,
neutral, or more dominant?” by selecting a response from a 5-point Likert-type
scale.  Similarly, 30 exemplars of non-affective continuum value 1 and 30
exemplars non-affective continuum value 5 were presented in randomized
fashion with 30 distance-neutral stimuli (value 3). For this portion, participants
were asked to respond to the prompt: “Is the speaker very close, neutral or far
away from the intended listener?” by selecting a response from a 5-point Likert-
type scale. Participants were instructed to respond as soon as they could make an
accurate judgement (even if they have made a decision before the item is finished
playing, see instructions in Appendix A).  The design, stimulus presentation and
dependent variables are summarized in Tables 2.3 and 2.4.
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Table 2.3:  Affective and non-affective stimuli types presented in the PCEP.
(Numbers refer to stimuli types used in Table 2.4.)
Affective continuum
1
tête a tête
distance
(neutral
emotion)
2
tentative
cautious
uncertain
passive
3
conversational
distance
neutral
emotion
4
dominant
forthright
confident
authoritative
N
on
-a
ffe
ct
iv
e 
co
nt
in
uu
m
5
distant
distance
(neutral
emotion)
Acoustic discrimination. The acoustic discrimination screening was devised as
a baseline measure to identify the extent to which perception of pitch, duration,
and volume of speech contributes to comprehension of prosody.  The same
professional actors that produced the continuum stimuli repeated the syllable
“ma” four times, using regular cadence, volume, and consistent pitch.  Acoustic
manipulations of these recordings produced 48 utterances with various acoustic
manipulations of the final syllable. Twelve utterances were presented in blocks
by acoustic element with an equal number of copies of the normalized template
utterance. Participants were asked to identify if the pitch, volume, or duration of
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last syllable sounds different than the rest of the utterance using a 5 point Likert-
type scale (Figure 2.4).
Participants listened to each stimulus, and judge how different the final
syllable was from the rest of the utterance using a 5-point Likert-type scale (see
Appendix A for administration instructions).   Similar to the other PCEP
measures, the acoustic discrimination task had an interactive training session
and was presented using PsyScope software on a PowerBook G3 series
computer.  Participants were instructed to respond by using the number keys 1
through 5 with the customized computer keyboard overlay.
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Table 2.4:  Outline of stimuli presentation for the behavioral version of the PCEP.
Behavioral responses were recorded on the keyboard using keys 1, 2, 3, 4, 5.  See
legend in Table 2.3 for further description of stimulus types (superscript
numbers refer to Table 2.3).
Stimuli
presentation
Cognitive
decision
Behavioral
response
Dependent
Measures
Tête a tête1
Neutral3
Distant5
n=90,fixed-
random
presentation
Is the speaker
very close,
neutral or far
away from the
intended
listener?
1= very near
2= close
3= conversation
4= across room
5= far
Prosody
judgments
Tentative2
Neutral3
Dominant4
n=90,fixed-
random
presentation
Is the emotion
expressed more
tentative, neutral,
or more
dominant?
1= very passive
2= passive
3= neutral
4= dominant
5= very dominant
Sum of
absolute
difference
scores
(difference
score=
observed
minus
expected)
Latency to
respond
Acoustic
discrimination
4 intensity levels
of fundamental
frequency,
duration,
amplitude from 4
actors; and
neutral tokens
n=32, blocked
presentation
Rate how
different the pitch
is on the last
syllable
compared to the
rest of the
phrase.
Rate how
different the
duration is on the
last syllable
compared to the
rest of the
phrase.
Rate how
different the
volume is on the
last syllable
compared to the
rest of the phrase
1= much less
intense
2= slightly less
intense
3= similar
4=slightly more
intense
5=much more
intense
Sum of
absolute
difference
scores
(difference
score=
observed
minus
expected)
Latency to
respond
Prosody Expression Measures
In order to characterize the speech rate of the cohort examined in this
dissertation, an expressive prosody task was developed (Appendix E).  It is
modeled after the technique described by Berman and Slobin (1994).  Participants
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were asked to tell the story of the children’s book Frog, Where Are You? (Mayer,
1969).  This book has illustrations, but no words. The stimulus book used in this
investigation was presented to participants with the cover with title and front
matter concealed such that participants did not see any words associated with
the book.  After first reviewing the book, participants were asked to “tell the
story as if they were telling it to a child” while audio recordings were being
made.  No prompts or encouragement were provided by the examiners during
recording sessions.
Digital audio recordings were made of these ‘readings’ for a convenience
sample of participants (YC = 3; EC = 11; PD = 7), using a Macintosh PowerBook
G3 series portable computer, head-mounted microphone (Apple Computers,
Cupertino, CA), and SoundEdit 16 software, version 2 (Macromedia, Inc., San
Francisco, CA).  These digital recordings were made in .wav format. For the most
part, the entire speech sample was examined, although communication with the
examiners (e.g., “should I start now?”), laughing, or non-communicative
utterances (e.g., clearing throat) were excluded from analyses.  Content of the
expressive speech samples (including non-word utterances) and time boundaries
for voiced utterances were manually recorded using Transcribe software (version
1.4.3 for Linux; Barras, Geoffrois, Wu & Liberman, 2001).
As the expressive speech of PD patients was expected to be arhythmic,
measures of speech rate were derived.  While speech rate is but one acoustic
element of prosody, previous studies have indicated it is correlated with change
in fundamental frequency (an acoustic measure of pitch, e.g., Silverman, 1987).
Therefore, speech rate was chosen as the variable of interest for analysis of
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speech samples as it appears to be a good initial assay of the acoustic elements of
expressive speech which require relatively straightforward analysis techniques.
Specific dependent measures of speech rate of the speech samples are outlined in
Tables 2.5.
Table 2.5:  Acoustic variables of interest for speech rate of expressive prosody.
Variable Operational definition
Total duration of story Time from start of story to end (judged by rater) in seconds
Total words Number of words and non-word utterances for each story
Rate Words per second of total duration
Background Measures
It was hypothesized that PD participants would perform poorly on the
affective prosody comprehension measures relative to non-affective measures
(Hypothesis 3b).  To determine if the affective competence model of prosody was
supported, evaluation of other component cognitive processes was conducted to
further illustrate the nature of the participants’ potential impaired prosody
comprehension.  This is important because the underlying mechanisms for the
prosody comprehension impairment could be due to one of several alternatives.
One hypothetical reason for impaired affective prosody comprehension could be
a broader deficit in affective competence.  This would be confirmed by impaired
comprehension of emotion in other modalities (e.g., emotional faces).  An
alternative explanation for impaired affective prosody could be a primary
perceptual deficit in interpreting prosody.  In this case, inability to distinguish
changes in the acoustic elements of prosody within the context of intact ability to
73
recognize emotional faces and prosody could explain impairments in
comprehension of prosody.  A third hypothesis is that comprehension of
affective prosody requires greater cognitive resources because of its multi-
dimensional nature.  In other words, the comprehension of affective prosody is
more complex than that of non-affective prosody (i.e., varying interlocutor
distance).  The following background measures were administered to more
clearly specify the underlying cognitive mechanisms influencing the
hypothesized prosody comprehension difficulties.
Emotional faces.  The Pennsylvania Emotion Rating Test-40 (ER-40, Gur, Moelter,
Turner, Ragland, & Posner , in preparation; Chute & Westall, 1995) was used to
evaluate a non-prosodic aspect of emotional competence.  Based on the facial
emotion recognition paradigm described by Moelter and colleagues (Moelter,
Janssen, Bilker, Klimas, Ragland, Posner & Gur, 2000), the ER-40 includes 40
digital color images of emotional faces, expressing happy, anger, fear, sadness,
and neutral emotions at mild and extreme intensity.  This measure was used to
evaluate participants’ ability to interpret affect expressed from others via another
modality– faces.  The actors depicted include males and females of many races
(white, black, Hispanic, Asian) and ages (12-77 years).  The ER-40 was
administered on a Macintosh PowerBook G3 series portable computer using
PowerLaboratory (Chute & Westall, 1995).  Participants viewed each
photograph, and identified the emotion expressed among 5 choices.  The
dependent variable was the total number of correct items (range 0 to 40).
Non-emotional facial discrimination.  Poor performance on the ER-40 could be
interpreted as evidence for a deficit in affective competence, or by a more
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fundamental disability in visual perception of faces (e.g., Jacobs, Shuren, Bowers,
& Heilman, 1995). Thus the ability to identify similar facial features was
evaluated with the Benton Facial Recognition Test-Penn Revision (Glosser,
Baker, de Vries, Alavi, Grossman & Clark, 2002).  The Benton Facial Recognition
paradigm presents a black and white photograph of an unfamiliar face, and six
photographs of faces as possible choices (Benton, Sivan, Hamsher, Varney &
Spreen, 1978).  The choices include photographs of the same person, from a
different angle or lighting conditions and distractor photographs of faces of the
same gender.  The task is to identify the photographs that are of the same person
in the target photograph.  There are one or three correct answers (depending on
the portion of the test) among the array of six choices, with 22 items (long form).
The Penn Revision of the Benton Facial Recognition Test consisted of
stimuli drawn from the original Benton to create a 25-item, two choice match-to-
sample test.  The two choice items were presented below the target photograph,
one of which was a different view of the same person depicted in the target, and
a second was a similar looking person of the same gender.  This version was
chosen for the present investigation because it requires less vigilance, and was
believed to be more tolerable for older adults.  While this version is simpler than
the original Benton is, older adults do not perform at ceiling (mean = 21.2; SD =
2.3; possible = 25), and this measure has been shown to distinguish individuals
with Alzheimer’s disease and Frontotemporal Dementia from healthy elders
(Glosser et al., 2002).  The dependent measure used in this dissertation was total
items correct.
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Executive functions.  As discussed in the preceding literature review, executive
functioning has been associated with the regulation of emotional experiences and
interpretation of emotional stimuli.  Measures of executive function informed the
relative contribution of executive resources in making decisions regarding
emotional and non-emotional stimuli. Furthermore, the role of working memory
was hypothesized to influence comprehension of emotional stimuli as discussed
earlier.  Executive functioning was evaluated by using the number-letter
sequencing subtest of the Weschler scales (WAIS III & WMS III; Weschler, 1997,
Appendix A).  This measure provided a brief survey of executive function
components, including attention, maintenance of mental set, sequencing,
acoustic span, and working memory. The Weschler Scales have excellent
normative data on older and younger adults, and the letter number sequencing
task demanded relatively little verbal or motor skill.  The dependent measure for
the letter-number sequencing test was the total number of correct trials.
A summary of experimental procedures, dependent measures, and
statistical analyses to evaluate Hypotheses 1 through 4 are outlined in Table 2.6.
Table 2.6:  Outline of Materials, Dependent Measures, and Statistical Analyses.
Measure/Task Hypothesis
to be
tested
Dependent Measures Statistical analysis
Measures for description
Demographic/History of Illness Summary Bkgd.
Measure
Inclusion criteria met; demog’s to match
groups
Handedness Inventory (Annett Revised;
Briggs & Nebes, 1975)
Bkgd.
Measure
Total handedness  score
Beck Depression Inventory, Second
Edition (Beck 1996)
Bkgd.
Measure
Total score (<13)
Mini-Mental State Exam (Folstein et al.,
1975; PD and EC groups only)
Bkgd.
Measure
Total score (≥27)
Descriptives; one-way
ANOVAs to ensure
comparable groups
Prosody– Receptive
Penn Continuum of Emotional Prosody
(PCEP)
1, 2 Sum of absolute differences, latency
Acoustic Perception Task (Pitch, Duration,
Intensity)
2 Sum of absolute differences, latency
Repeated measures ANOVA
(affective/non-affective x
Young/Old/PD; pitch/duration/
intensity x Young/Old/PD);
within group paired t-tests
(affective x non-affective)
Prosody– Expressive
Speech samples from Frog, Where Are
You?
4 Speech Rate (words per second) ANOVAs (by group);
Pearson’s correlation to
prosody comprehension
measures
Background Measures
Pennsylvania Emotion Rating Test (PERT) 2 Total correct
Number Letter Sequencing
(WAIS 3/WMS 3)
3 Total trials correct
Benton Facial Discrimination-Penn
Revision
2 Total correct
ANOVA (affective/non-
affective x Young/Old/PD);
Pearson’s correlation to
prosody comprehension
measures
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RESULTS
Many researchers address the issue of potential Type II error by using the
Bonferroni correction to adjust alpha levels.  However, given the small sample
size for this dissertation, this adjustment was considered to be potentially too
restrictive.  An alternative approach was employed.  The possibility of Type II
error was reduced by limiting the number of t-tests and correlational analyses
only to those which were hypothesized.
Hypothesis 1:  Prosody Comprehension of Healthy Adults
1. Healthy adults will be able to evaluate speech utterances using a continuum of
emotion as well as a non-affective continuum.  Specifically, healthy participants will
be able to evaluate the distance between speaker and intended listener (i.e.,
interlocutor distance, an example of non-affective prosody) as well as the emotional
attitude of the speaker using a continuum of emotion (affective prosody).
A mixed-model, repeated measures (2 x 2) ANOVA with a between-
subject factor of control group (EC, YC) and a within-subject factor of prosody
comprehension (affective, non-affective) was used to evaluate Hypothesis 1.
Results revealed no interaction of group and prosody comprehension.  There was
a significant main effect for prosody (F[1,29] = 6.2, p = .018) and for group
(F[1,29] = 9.1, p = .005).
An analysis of simple effects using within group paired t-tests indicated
younger adults performed similarly on both non-affective and affective prosody
comprehension measures.  A different pattern of results was found for the EC
group.  Within-group paired t-tests comparing affective and non-affective
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prosody for the absolute difference measure of performance on these tasks
indicated that the EC group was more accurate in their comprehension
judgments of the non-affective condition than the affective prosody condition
(t[14] = 2.4, p = .03).   Furthermore, results from between group t-tests reflect an
age-related effect for affective prosody comprehension.  When the absolute
difference scores of the YC and EC groups were compared (LSD method),
statistically significant differences were found for performance on the affective
prosody comprehension task (t[17.9] = 3.1, p = .006).  No statistically significant
differences when performance for the YC and EC groups was compared on the
non-affective task.
Therefore, Hypothesis 1 was supported for the YC group, but not for the
EC group as statistically significant differences were found for the sum of
absolute differences measure.  Summary statistics are listed in Table 3.1.
Table 3.1: Summary of performance on the PCEP.  Performance measures are
sum of absolute difference scores from the normative sample from the pilot
study (i.e., difference scores, low scores indicate good performance) and accuracy
measures (percent correct, high scores indicate good performance).  Response
latencies refer to the sum of response latencies across 90 items (in milliseconds).
Mean (Standard Deviation).
Parkinson’s Older Adults Young Adults
Affective- absolute difference 58.3 (25.0) 50.7 (35.4) 20.3 (13.8)
Non-Affective- absolute difference 30.8 (14.3) 34.2 (27.7) 18.1 (10.5)
Affective response latency (ms) 2102 (538) 2213 (345) 1672 (354)
Non-Affective response latency (ms) 1897 (640) 1904 (322) 1484 (282)
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Hypothesis 2:  Evaluating the Prosodic Competence, Affective Competence, and
Modality Specific Affective Processing Models
2a. If the PD group demonstrates global comprehension deficits in both affective and non-
affective prosody, this will be consistent with the prosodic competence model. This
hypothesis would further be supported by poor performance (relative to age-matched,
neurologically healthy controls) on an acoustic perception task that isolates
manipulations in pitch, volume, and duration.
2b. If the PD group demonstrates poor performance on comprehension of affective
prosody, yet adequate comprehension of non-affective prosody, this will be consistent
with the affective competence model. However, component cognitive skills (e.g.,
perception of acoustic components of prosody: duration, pitch, and volume) will need
to be intact to support this model as poor affective prosody comprehension could also
be explained by impaired perceptual abilities or impaired emotional processing.
Additionally, the impact of the emotional impairment should not be modality specific
(i.e., isolated to emotional prosody).  Thus, the affective competence model would
receive additional support with the demonstration of impaired recognition of
emotional faces with intact recognition of unemotional faces.
2c. Alternatively, emotional processing could be a modality specific process.  The
modality specific model of affective processing would be supported if the PD group
performed poorly on affective prosody, yet within normal limits on non-affective
prosody, acoustic perception, and other emotional processing and cognitive measures.
A mixed-model, repeated measures (3 x 2) ANOVA with a between-
subject factor of group (PD, EC, YC) and a within-subject factor of prosody
comprehension (affective, non-affective) revealed a significant interaction of
group and prosody comprehension (F[2,39] = 5.2, p = .01).  There was a
significant main effect for prosody (F[1,39] = 23.6, p < .001) and for group (F[2,39]
= 6.8, p = .003).
An analysis of simple effects using within-group paired t-tests indicated
an age-related difference in the comprehension of emotional prosody.  The PD
group was more accurate in their comprehension judgments of the non-affective
condition than the affective prosody condition as measured by the absolute
difference scores (t[10] = 5.0, p = .001).  A similar pattern of results was
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demonstrated by the EC group, with better comprehension of the non-affective
stimuli as compared to the affectively intoned stimuli (t[14] = 2.4, p = .03).  The
YC group’s performances on the affective and non-affective prosody
comprehension tasks were similar as no statistically significant differences were
revealed.
Results from between group t-tests also reflected an age-related effect for
affective prosody comprehension.  When the absolute difference scores of the PD
and EC groups were compared, they performed similarly on the affective (t[24] =
0.6, p = .55) and non-affective prosody (t[24] = 0.4, p = 0.72) tasks.
Component skills were evaluated to determine if poor affective prosody
comprehension could be explained by poor perceptual processing or poor
emotional processing.  The former was evaluated by comparing performance on
a difference detection task where acoustic elements of prosody were
manipulated. A mixed-model, repeated measures (3 x 3) ANOVA with a
between-subject factor of group (PD, EC, YC) and a within-subject factor of
acoustic element (pitch, duration, volume) revealed no interaction of group and
acoustic element, and no main effects for either acoustic element or group.
Summary statistics are listed in Table 3.2.
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Table 3.2:  Performance on the acoustic element difference detection task of the
PCEP.  Performance measures are sum of absolute difference scores from the
normative sample from the pilot study (i.e., difference scores, low scores indicate
good performance).  Response latencies refer to the sum of response latencies
across 48 items.  Mean (Standard Deviation).
Parkinson’s Older Adults Young Adults
Duration absolute difference 21.2 (10.0) 22.6 (13.3) 12.1 (5.2)
Duration latency (ms) 2392 (443) 2423 (368) 2049 (221)
Pitch absolute difference 24.0 (13.3) 27.3 (16.8) 12.1 (6.3)
Pitch latency (ms) 2197 (377) 2231 (299) 2090 (377)
Volume absolute difference 26.3 (12.8) 27.4 (15.2) 13.1 (8.3)
Volume latency (ms) 2160 (323) 2180 (267) 2025 (348)
As the PD and EC groups demonstrated compromised affective prosody
comprehension different from that of the YC group, the potential contribution of
a generalized affective comprehension deficit was evaluated with the PERT-40 (a
measure of emotional facial recognition) and the Penn Benton Facial Recognition
Test (Table 3.3). One-way ANOVAs comparing the three groups were significant
for the PERT-40 (F[2,39] = 4.8, p = .014), but not for the Benton Facial Recognition
Test.  Post-hoc t-tests (LSD method) indicated both the PD group and the EC
group were less accurate in the identification of emotional faces than younger
adults (PD –vs- YC t[23] = 2.7, p =.014; EC –vs- YC t[27] = 3.1, p = .004).
Furthermore, the PD and EC groups’ performances on the PERT-40 were not
different from each other.  This was not believed to be due to a more
fundamental deficit in identifying subtle facial features as groups did not differ
on performance on the Penn Benton Facial Recognition Test.  Taken as a whole,
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these results suggest an age-related effect for the comprehension of affective
prosody.
The similarity between the PD and EC groups on the prosody
comprehension measures and the background tasks was not anticipated, thus
Hypothesis 2b was not supported with these data.  The similar performances of
the PD and EC groups as they relate to the affective competence model are
addressed in the Discussion section.
Table 3.3:  Summary of performance on background measures.  Mean (Standard
Deviation).
Parkinson’s Older Adults Young Adults
Benton Facial Recognition
(max. possible score = 25)
20.8 (1.9) 20.9 (3.2) 21.7 (1.5)
Emotional Faces
(max. possible score = 40)
30.6 (4.0) 30.6 (3.3) 33.9 (2.2)
Letter-Number Sequencing
(max. possible score = 21)
10.5 (2.6) 10.6 (3.2) 13.3 (2.1)
Hypothesis 3: The Role of Executive Functioning in
Emotional Comprehension
3a. Executive functioning has been implicated in the regulation of emotional experiences
and interpretation of emotional stimuli.  Measures of working memory will inform
the relative contribution of executive resources in making decisions regarding
emotional and non-emotional stimuli.  Thus if the affective competence hypothesis (2
b) is supported, further analysis will determine whether measures of affective prosody
comprehension are correlated with measures of working memory, but not to that of
non-affective comprehension.
3b. As deficits in executive function are also associated with increasing age among elders,
it is predicted that measures of working memory will be associated with
comprehension of emotional processing in the PD and healthy elder groups (i.e., with
weaker associations for young control subjects).  Thus, neurologically healthy older
adults may evidence subtle deficits in comprehension of emotional prosody.
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Working memory capacity of the groups was compared using a one-way
(1 x 3) ANOVA, revealing differences between groups on the letter number
sequencing task (F[2,41] = 5.1, p = .01).  Post hoc t-tests (LSD method) revealed
an age-related effect on the letter-number sequencing task.  Specifically, the PD
group and EC group differed from the YC group (PD –vs- YC t[23] = 2.7, p =
.014; EC –vs- YC t[29] = 2.7, p = .01), while the performance of the PD and EC
groups were similar.
As the performance of PD and EC groups differed from the YC group on
some measures of affective prosody comprehension, recognition of emotional
faces, and working memory, Pearson’s correlation coefficients were derived to
explore the relationship between these variables (Table 3.4). Executive
functioning  (specifically working memory skills) were assessed using the letter-
number sequencing task.  As the sample size of the groups was small, the data
reported represent a correlation matrix for all participants.
Performance on the letter-number sequencing task was correlated with
affective prosody comprehension (r = -.57, p < .001).  A modest, non-statistically
significant correlation was found between performance on letter-number
sequencing and the non-affective prosody comprehension task.  When these
correlation coefficients between were compared, a statistical trend suggesting a
difference between these coefficients was found (z = 1.26, p = .10).  Interestingly,
there was a significant correlation between the affective prosody comprehension
and emotional face recognition measures (r = .40, p = .011). While interpretation
of these data is guarded due to the small sample size, these results collectively
support Hypothesis 3a and 3b.
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Table 3.4:  Correlation matrix of background measures and prosody measures for
all participants (PD, EC, and YC groups).  Performance on prosody tasks is
summarized with the sum of absolute differences variable (see Methods for
further description).  Pearson’s correlation coefficients are listed (with alpha
levels when statistically significant at p < .01).
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Letter-Number
Sequencing
-.57
p<.001
-.35
Emotional Faces -.48
p=.002
-.48
p=.002
Benton Facial
Recognition
.07 .46
p=.004
An alternative assay of the task demands of the prosody tasks is to
compare response latencies.  Within group, paired t-tests comparing the sum of
response latencies groups revealed statistically significant differences for all
groups (young control t[15] = 3.0, p = .008; elderly control t[15] = 6.2, p < .0001;
Parkinson’s t[8] = 4.7, p = .001).  These results suggest that the affective prosody
comprehension task was more difficult than the non-affective condition,
complementing the results that suggest that increased executive resources are
needed for emotional comprehension tasks (prosody and facial recognition).
However, these results should be interpreted cautiously as the apparatus to
record latency to respond is prone to artifact errors (see Discussion for further
interpretation).
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Hypothesis 4: The Relationship Between Expressive and
Receptive Prosody
4. Consistent with clinical literature, the expressive prosody of individuals with
Parkinson’s disease is expected to be arhythmic.  Thus, it is predicted that this group
will have decreased speech rates.
Audio recordings of speech samples were analyzed using the Frog Story
paradigm.  A convenience sample was used for this analysis as speech samples
were not obtained from all participants.  One participant was excluded from
analysis due to poor recording quality.  As discussed previously, speech rate was
selected as an assay of the acoustic properties of expressive prosody.  One way (1
x 3) ANOVAs revealed no differences between groups on rate of speech output.
Furthermore, there was no correlation between rate of speech and prosody
comprehension measures.  Summary statistics are listed in Table 3.5.
Table 3.5:  Summary of speech rate from recorded samples using the Frog Story
paradigm.  Mean (Standard deviation).
Parkinson’s
n = 7
Older Adults
n = 11
Young Adults
n = 3
Rate (words per second) 2.2 (0.3) 2.1 (0.5) 2.4 (0.1)
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DISCUSSION
Results indicate that healthy young adults are able to evaluate affective
and non-affective prosody using a novel experimental paradigm.  This was
important to establish as the materials used to evaluate prosody were newly
developed in an attempt to overcome the limitations of previous studies of
healthy young adults using folk-psychological schemas of emotion.   With this
preliminary evidence, the continuum of emotion and the experimental paradigm
introduced in this dissertation may be explored further in future research.
However, healthy elders demonstrated unexpected results in their
understanding of affective and non-affective prosody.  Analyses of the summed
absolute difference scores suggest that older adults were less accurate in their
interpretation of affective prosody than non-affective prosody.  Methodologic
artifacts could have influenced these results.
The “correct” interpretations of prosodic tokens were determined by
agreement of a small sample of college-aged adults (in a pilot study).  It would
therefore be inappropriate to conclude that healthy elders (or clinical groups)
that demonstrated performance that was statistically significantly different from
healthy younger adults using these operational definitions have impaired
affective prosody comprehension.  It is more accurate to interpret these
operational definitions as evaluating the agreement with interpretations from the
young adult sample.  Similarly, comparisons of EC and PD group performances
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relative to the YC group on detection of pitch, duration, and volume should be
interpreted cautiously as perceptual accuracy was also determined using data
from a pilot study of younger adults.  Therefore, conclusions regarding the
influence of age or cohort differences on affective prosody comprehension
should be conservatively stated as younger and older adults interpret affective
prosody differently.
Regardless of these potential artifacts, between group analyses indicated
that the EC and PD groups performed similarly on affective and non-affective
prosody comprehension when absolute difference scores were used.
Furthermore, within-group analyses of absolute difference scores indicated that
both the EC and PD groups performed better on the non-affective task than the
affective prosody comprehension task.  Clearly, using a control group of healthy
elders to determine the “correct” judgements for these stimuli (i.e., the
benchmark for accuracy and sum of absolute difference scores) is a significant
limitation of this study.  However, given the constellation of performance of the
EC and PD groups revealed by the between group and within group
comparisons, I speculate that the conclusions would not waiver.  In other words,
even with an “answer key” derived from a normative elderly sample, it is likely
that the PD group would perform similarly to age matched elders, and different
than that of a sample of younger adults.
Furthermore, these limitations should not impact the conclusions drawn
from the within-group comparisons.  Specifically, any measurement error that
may have impacted the EC and PD groups due to poor agreement with young
adult norms should be comparable for both the affective and non-affective tasks.
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If this assumption is true, within group differences can be confidently attributed
to the influence of the independent and mediating variables.
Support for the Affective Competence Model
Results from the PD and EC groups suggest an age-related effect of poor
emotional prosody comprehension. Specifically, the PD and EC groups
demonstrated relatively worse performance on the affective prosody
comprehension task as compared to the non-affective task. These differential
performances on the affective and non-affective prosody comprehension tasks
were not believed to be due to a more fundamental problem with appreciation of
the acoustic elements of prosody as PD and EC groups performed similarly on a
difference detection task with subtle changes in duration, pitch, and volume.
While both the EC and PD groups performed differently than the YC group, the
pattern of between group performance for the acoustic discrimination task is
similar to that of the prosody tasks and vulnerable to measurement artifacts
described earlier.  Nonetheless, these results are supported by recent research
indicating that healthy elders interpret emotional prosody differently from
younger adults (Orbelo, Testa & Ross, in press). Additionally, the PD and EC
groups demonstrated relatively poor performance on recognition of emotional
faces.  This was not believed to be due to problems with appreciating subtle
changes in the visual features of faces as all groups performed comparably on a
measure of non-emotional facial recognition.  Furthermore, performance on tasks
of comprehension of emotions as expressed via voice and facial gesture were
correlated with each other among all participants.
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These results did not support Hypothesis 2b, which predicted that the PD
group would perform worse than the EC group on prosody comprehension
measures.  Nonetheless, I believe that the pattern of these results provides
preliminary support for the affective competence model.  This hypothetical
model describes the relationship between component cognitive and perceptual
skills believed to be necessary to comprehend of emotional cues.  The model was
developed to be a general description of the components influencing affective
competence and comprehension of emotion, regardless of whether healthy or
clinical populations were examined.  While it was hypothesized that Parkinson’s
disease would be a good clinical group to test the affective competence model,
results indicate that the PD group was virtually indistinguishable from the EC
group on the prosody comprehension measures as well as the background tasks.
Despite this age-related effect, the constellation of performances on the cognitive
and perceptual tasks supports the affective competence model.  That is, the
relationship between affective competence, working memory, and emotional
prosody comprehension was further demonstrated with correlational analyses
regardless of neurologic compromise, thus supporting the hypothetical model.
However, before generalizations regarding the prosody and facial gesture
data can be proffered, a couple of caveats should be mentioned.  First, the facial
gesture tasks, both emotional and non-emotional, employed a different
experimental paradigm than that of the prosody tasks.  Specifically, the facial
gesture recognition task required participants to select a category of emotion
(forced-choice selection) that did not afford the Likert-type scaling to convey the
confidence with which an individual made his or her choice.  Similarly, the non-
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affective facial recognition task used forced-choice, but without categories as this
was essentially a visual matching task (with a correct choice not dependent on
normative agreement).  Additionally, the interpretation of elder performance on
the emotional facial recognition task should be guarded.  Similar to the prosody
tasks, the “correct” judgments of a token to an emotion was derived from
agreement from college aged adults.  In fact, normative data for the PERT-40 was
gathered using similar recruiting procedures as the normative pilot study for the
PCEP.  Nonetheless, as with the prosody tasks, there is no reason to assume that
the differences in agreement between younger and older adults would be
exaggerated in the PD group due to these measurement error issues.  In other
words, the influence of the independent and mediating variables should not be
adversely affected by these issues as the similarities in performance between the
EC and PD groups would likely remain if these “answer keys” were derived
from age-appropriate samples for both the emotional face recognition and
prosody comprehension task.
Finally, there was little support found for an association between
comprehension of affective prosody and speech rate.  Acoustic analysis of speech
samples using the Frog Story paradigm revealed no significant differences for the
rate of speech production, an assay of expressive prosody.  There are several
possible explanations for this.  First, although the expressive dysprosody of
individuals with PD has been well characterized, this PD sample was in the
earliest stages of the disease and thus may not be experiencing difficulties
expressing prosody.  Additionally, preliminary acoustic analysis of speech rate
was conducted using words per second.  Although speech rate is correlated with
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other acoustic measures of expressive prosody, it is possible that more
sophisticated acoustic analysis could reveal between group differences (e.g.,
fundamental frequency, length of pauses).  Also, speech recordings from a
convenience sample of all groups were obtained.  Given this extremely small
sample size, these results are, at best, preliminary.  Nonetheless, the present
evidence suggests that there is little relationship between expression and
comprehension abilities, implying that the affective comprehension model need
not account for expression skills.  However, future research of comprehension
should also include a survey of prosody expression skills as a relationship
between expression and comprehension may be revealed in larger samples of
individuals in the moderate stages of PD.
The Role of Executive Functioning in Affective Competence
It was hypothesized that executive functioning influences affective
competence.  Support for this was found with correlational analyses that
associated performance on letter–number sequencing with affective prosody and
emotional facial recognition.  By contrast, a trend towards weaker correlation
was found between the letter-number sequencing and the non-affective prosody
comprehension task.
Given the amount of shared variance between the two emotional
comprehension tasks and the executive functioning task, it is difficult to
speculate the exact relationship between higher order cognitive skills (e.g.,
executive functions, working memory) and affective competence.  Indeed, the
constructs may be difficult to extricate from one another to determine the degree
of orthogonal influence these variables have on emotional comprehension skills.
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Nonetheless, this conundrum is not unique.  Developmental theorists have
struggled with this issue in the context of young children, concluding that
cognitive development pushes the boundaries of social/emotional development
and vice versa.
However, there appears to be something about interpretation of emotional
cues that is more demanding than interpreting similar visual and auditory
stimuli in a non-emotional manner.  For example, within-group comparisons of
latency to respond to prosody comprehension tasks suggest that all groups
processed the affective prosody task more deeply than the non-affective task.
This complements Bowers and colleagues’ claim that the initial findings
regarding differences between linguistic and emotional prosody comprehension
may be due to increasing task demands rather than providing support for
localization of skills in the brain (Bowers et al., 1987; Ross et al., 1997; Thompkins
& Flowers, 1985).  However, the latency data presented for this dissertation are
suspect as the apparata and procedures used are vulnerable to errors.
Specifically, some participants needed to be reminded to rest their hand on the
keyboard overlay during administration of the prosody tasks as they were
observed to rest their hands in their lap between responses.  This variation could
have lengthened response latency times.  Additionally, the computer software
used has not demonstrated millisecond accurate timing (e.g., Chute & Westall,
1995).  Despite these caveats, it is likely these potential sources of measurement
error would similarly impact the affective and non-affective conditions within
each group as the apparata were the same for each task and the tasks were
counterbalanced between subjects.
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Nonetheless, results from this investigation suggest that these increased
task demands require more executive resources to process them.  Specifically, the
nature of the letter-number sequencing task underscores the role of working
memory in the comprehension of emotional stimuli.  This can be understood by
considering the process of integrating multiple modalities of emotional stimuli
(e.g., pitch, rhythm of speech) with the semantic message and matching that to a
person’s emotional schemas.  Furthermore, this exercise in mental gymnastics is
further mediated by person perception, familiarity of the speaker and the
listener, and the listener’s own affective state.  A similar process may also occur
when interpreting facial gestures.  Clearly, the amount of information from
disparate sources to keep “on-line” is formidable, and potentially vulnerable to
problems in interpretation with limited working memory capacity.  However, it
remains to be seen whether internal states such as person perception, perceived
familiarity of the speaker, integrity of emotional schemas, and affective state can
ameliorate limitations in working memory, or further contribute to differences in
comprehension of emotions.
In conclusion, although the similar performance of the EC and PD groups
was not anticipated, the results generally support the affective competence
model of prosody comprehension.  This begs the question: Do Parkinson’s patients
have difficulty in the comprehension of emotional cues expressed by others?
Unfortunately, this investigation cannot support the claim that PD patients have
difficulty with processing emotional stimuli.  Rather, this evidence suggests that
individuals in the early stages of PD comprehend emotional stimuli similar to
their neurologically healthy peers.  Furthermore, these individuals interpret
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emotional stimuli differently than younger adults.  The role of limited working
memory capacity was associated with emotional comprehension, yet a causal
relationship between these factors is not proffered.
Limitations of the Investigation
This investigation has several limitations.  As described in detail
previously, the development of the prosody comprehension tasks using a pilot
study of young adults to derive the “correct” answers may not be appropriate for
use with older adults.  This was also the case with the emotional facial
recognition task that was chosen.  This could be addressed by re-norming the
corpus of prosody stimuli with healthy elders.
Secondly, the interpretations of group performance are guarded due to
the small sample size for the groups studied.  Unfortunately, a handful of
participants (from all groups) were excluded from analysis as they did not meet
exclusion criteria for self-reported depressive symptoms.  Preliminary analyses
of these data are discussed in Appendix F.  A larger sample from each group
would have afforded the use of regression analyses to further explore the
influence of working memory capacity on comprehension of emotional cues.
The age-related effects in prosody comprehension described in this
dissertation may be influenced by declines in auditory acuity associated with
typical aging.  Although none of the participants reported significant hearing
loss, a formal audiological screening was not conducted.  Furthermore, the
volume of the presentation of the stimuli was consistent across all participants
(as opposed to participants adjusting the volume of presentation to comfortable
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levels).  This could have presented the younger adults with a possible advantage
in interpreting the stimuli presented as older adults may have received less
salient stimuli to interpret.  However, the possible contribution to an age-related
decline in hearing acuity was not believed to pose a significant limitation for
three reasons.  First, none of the participants reported hearing loss.  Secondly,
there was not appreciable hearing loss for conversational tones as determined by
the qualitative opinion of the examiners.  Third, the robust within group
contrasts in affective and non-affective prosody comprehension suggest that the
potential variations in the salience of the auditory stimuli were minimal.
Finally, the generalization of the PD group’s comparable emotion
comprehension relative to neurologically healthy age-matched peers should be
guarded, as these individuals were in the earliest stages of PD, were medicated,
and did not demonstrate evidence of dementia.
Implications
Despite these limitations, this investigation has the potential to make
worthwhile contributions to our understanding of the comprehension of
emotional prosody. As I reviewed in the preceding survey of the literature, few
researchers have conducted theory-driven research on emotional prosody in
neurodegenerative conditions.  As new data become available, I anticipate that
there will be revisions to the hypothetical models I have presented. I hope this
work will contribute to the dialogue regarding the relationship among cognitive
constructs important for the comprehension of emotional prosody.  Furthermore,
I introduced an approach that acknowledges the contributions of comparative
linguistic theory and research as well as evidence from behavioral neurology and
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neuropsychology.  Indeed, a methodology that does not use a categorical
conceptualization of emotions is certainly a novel tack for the current scientific
literature.
Is There Negligible Impact of Parkinson’s Disease on Affective Prosody
Comprehension?
The similar results from the PD and EC groups suggest that there is not a
unique effect of Parkinson’s disease on the comprehension of emotion.  This was
contrary to expectations as the depletion of dopamine and subsequent
degeneration of striatal structures and disruption of frontal-striatal connections
appears early in the course of Parkinson’s disease.  These neuroanatomic changes
were hypothesized to compromise affective prosody comprehension and
executive functioning.  Furthermore, contrary to results from this dissertation,
the contrasts between the working memory capacity of early stage Parkinson’s
patients and age-matched controls have been reported previously (Dubois &
Pillon, 1997).
There are four reasons that may account for the effects of age.  First, it is
possible that the severity of the Parkinson’s pathology was too mild to detect a
significant effect for the small number of PD patients sampled for these analyses.
Similarly, it is possible that the pharmaceutical treatments were particularly
effective for the group sampled, thus minimizing the potential cognitive effects
of the depleted dopaminergic structures.  The potential for a minimal effect of
the Parkinson’s pathology on cognition for the patients that were studied is
consistent with the observed similarity between the PD and EC groups on all
cognitive measures.  While compromised working memory and comprehension
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of emotional cues relative to age and education matched controls have been
observed in other studies of PD patients, relatively preserved performance on all
of these measures (relative to the age- and education-matched sample) were
observed for the cohort of PD participants studied presently.  This suggests that
there is either a negligible effect of Parkinson’s pathology for the participants
studied, or that the effect was too small to be detected with the current sample
size.
Second, it is possible that the measures selected or the operational
definitions used to evaluate the constructs of interest were not sensitive enough
to detect differences between the EC and PD groups.  However, this is unlikely
given the variance of observed responses and the potential range of performance.
Additionally, it is possible that the neuropathology associated with
Parkinson’s is not related to the neuroanatomic substrates that support affective
competence or comprehension of emotional prosody.  This was not, however,
believed to be the case as previous research has suggested an important role for
frontal-striatal functioning and the functional integrity of the orbitofrontal
cortical areas in the comprehension of emotional stimuli.
Finally, it is possible that the PD and EC groups experience difficulty on
emotional comprehension tasks for different reasons.  While there may be age-
related compromise for skills necessary to interpret these stimuli for both these
groups, it is also possible that the interaction between aging and PD impacts
component skills differently than the impact of aging on the healthy elders.  For
example, it is possible that the impact of PD and aging creates a different pattern
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of compromised skills, as well as additional compensatory strategies for those
with Parkinson’s.  Thus performance for these two elderly groups may appear
similar, but the underlying neurocognitive mechanisms may be different. For
example, it is possible that the results from older adults may be explained by
poor integration of multi-modal stimuli while PD participants’ results may be
explained by decline in affective competence.  Clearly, further research with this
experimental paradigm is needed to replicate these findings and to explore the
possible mechanisms that may account for these unexpected results.
Despite the unexpectedly similar results between the EC and PD groups, a
relationship between working memory and affective comprehension was
demonstrated.  The correlation between working memory and measures of
affective comprehension may suggest potential clinical implications for this
dissertation.  Non-verbal aspects of communication are essential and have
enormous impact an individual’s ability to interact meaningfully with the world.
In dementia and other neurodegenerative disorders, this has implications for
relationships with caregivers, and ultimately the impact the disease has on the
patient and his or her family.  Conclusions from this dissertation suggest that
constricted working memory capacity is associated with poor comprehension of
emotional prosody and facial gestures, despite intact perceptual skills.  The
practical application for this work could include counseling caregivers to use
preserved modalities of emotional comprehension for those who may need it.
For example, caregivers could be counseled to communicate emotion by using
words, and not expect patients to understand when they grimace or say things
using an emotional tone of voice.  What remains to be seen is to whom these
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recommendations should addressed, as results imply that both PD patients and
their spouses may benefit from such strategies, as these individuals are typically
of the same age cohort (and according to these results, process emotional
information similarly).  However, these recommendations may be helpful for an
adult child who has assumed a caregiving role with a parent who is
neurologically healthy or has PD, as their interpretation of emotional stimuli
appears to be different.  Additionally, if the affective competence model is
correct, these recommendations may be helpful to individuals who have
restricted working memory capacities, regardless of etiology.
Future Research
The hypothetical model of emotional prosody comprehension can be
tested further with application to a variety of clinical disorders.  Based on these
preliminary results, I hypothesize that other populations with restricted working
memory capacity would have difficulty with comprehension of emotional
prosody.  Indeed, applying this experimental design to a study of younger
individuals with neurologic conditions may further contribute to this model,
while overcoming some limitations in the development of the normative sample
discussed previously (e.g., multiple sclerosis).
With re-norming of the PCEP with a sample of older adults, these
materials and hypothetical model could be applied to dementia populations.  Of
particular interest would be to further explore the relationship between
emotional regulation and executive function in the comprehension of emotional
cues from others.  Subtypes of frontotemporal dementia would be a particularly
fascinating application of this aspect of the model.
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Similarly, a developmental extension of the hypothetical model of the
relationship between executive/working memory skills and emotional
regulation could be explored with children with regulation disorders.
Additionally, given evidence regarding the integrity of the orbitofrontal
networks of those with conduct/anti-social disorders, this model could be
strengthened with further testing with Axis II spectrum disorders.
Several researchers and theorists have described the impact of an
individual’s mood on their cognition (both affective and non-affective cognition).
However, little research has been conducted addressing the comprehension of
affective prosody with mood disordered individuals.  This would be particularly
important in the study of PD (and other neurodegenerative disorders e.g.,
multiple sclerosis) as the comorbidity of depression is common.  I hypothesize
that depression independently contributes to poor comprehension of affective
prosody.  Furthermore, I speculate that the impact of comorbid PD and
depression on affective prosody comprehension be greater than depression or
PD that occurs independent of one another.  Furthermore, future studies with
depressed individuals should also explore the role of working memory with
mood disturbance and neurodegenerative disease.
Researchers should also consider integrating more specific hypotheses
regarding the nature of working memory skills and their potential relationship to
affective competence.  The number-letter sequencing task was chosen primarily
for its face validity as a measure of an individual’s capacity to manipulate
information when compared to a well-learned template (i.e., sequences of
numbers and letters).  It was hypothesized that similar skills were needed to
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integrate and reconcile multi-modal emotional cues as expressed by others.
However, future research in this area would be strengthened with a more
sophisticated, theory-driven approach to aspects of working memory.  For
example, developing methods to assess Fuster’s model (1997) of the different
types of executive control may further articulate the cognitive construct of
working memory as well as inform hypotheses regarding its neural substrates
and role in the comprehension of emotion.
Development of novel ways in which to analyze response patterns to
emotional stimuli should be explored further.  For example, use of exploratory
analyses using scatterplots or other metrics to operationally define prosody
comprehension using the Likert-type scaling may reveal response biases of
groups that were not appreciated with the sum of absolute differences.
Preliminary analysis using scatterplots and sum of signed differences with these
data did not yield additional insight to the between group differences reported
previously.  However, with larger sample sizes, these exploratory approaches
may reveal more distinctive response patterns between groups.
Finally, integrating the construct of person perception would be an
important addition to this area of research.  Although it is difficult to
experimentally manipulate factors to evaluate the role of person perception,
hypothetical models should account for its impact on prosody comprehension.
At a minimum, future studies should also make attempts to minimize this
potential confound by using appropriate experimental controls (e.g., always
using stimuli and study personnel who are unfamiliar with the participants).
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APPENDIX A:  Experimental Protocol
Measure/Task Method of
Administration
Source
Demographic Information
History of Illness Summary
Paper Records/Participant/Caregiver
Handedness Inventory
(Annett Revised; Briggs & Nebes, 1975)
Paper Participant
Beck Depression Inventory-II
Life Events Questionnaire
Paper Participant
Mini–Mental State
Examination (Folstein)
Paper EC & PD only (if < 3 mos., chart OK)
Number-Letter Sequencing
(WMS-III)
Paper Participant
Penn Continuum Evaluation of
Prosody (PCEP)
PsyScope Participant
Acoustic Perception (ma-ma) PsyScope Participant
Pennsylvania Emotion Rating
Test (PERT-40)
PowerLab Participant
Benton Facial
Discrimination–Penn Revision
Paper Participant
Frog Story Speech Samples Computer
Audio
Recordings
Participant
Revised 04.21.02
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Demographic/History of Illness Summary
Some information can be drawn from the “normal screening sheets”
ID#                  Date of Birth                           Date Completed                      Age                 
Education (yrs.):         Degrees Earned            Profession                               Retired (yr.)     
Diagnostic Group: PD PD/D EC EC/D YC YC/D (Duration                  )
Hoehn & Yahr: 1 2 3 4 (MM/YY determined              )
UPDRS: R Tremor      R Rigid            L Tremor          L Rigid             TOTAL           
Depression diagnosed: by whom?                      ______(Year diagnosed________)
Current Medications: Type Amount Frequency
                                                                                                                                                
When was last dose of PD meds taken?  (Time before session began)                                  
Continue on back, if needed
History of: Hearing Loss
Traumatic Brain Injury Substance Abuse (including alcohol)
Stroke (CVA) Documented Exposure to Neurotoxins
Transient Ischaemic Attack Loss of consciousness
Psychiatric Sx (other than depression) Seizures
Reading/Learning Disability Other neurologic condition
Left Handedness
(Briggs & Nebbs, 1975; ≤ +8)
Able to tolerate MRI?
(metal, claustrophobia, hand movement)?
Aphasia Native Speaker of American English?
Throughout this person’s life (i.e., prior to illness), what phrase best describes them:
Would speak
with great color
& animation in
voice.
Had a normal
range of
intonation in
their voice.
Has always had
a relatively
monotone voice.
1 2 3 4 5
Source?  Participant Spouse Adult Child
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Handedness Inventory
(Annett, 1967; Revised by Briggs & Nebes, 1975)
Indicate Hand
Preference:
Always
left
Usually
left
None Usually
right
Always
right
1 To write a letter legibly
2 To throw a ball to hit a
target
3 To play a game requiring
the use of a racquet
4 At the top of a broom to
sweep dust from the floor
5 At the top of a shovel to
move sand
6 To hold a match when
striking it
7 To hold scissors to cut
paper
8 To hold thread to guide
through the eye of a
needle
9 To deal playing cards
10 To hammer a nail into
wood
11 To hold a toothbrush
while cleaning teeth
12 To unscrew the lid of a
jar
Scoring
–2 –1 0 +1 +2
TOTAL
(Left {–24 to –10}  Mixed {–9 to +8}  Right {+10 to +24})
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Life Events Questions
(Gallo et al,. 2000)
Examiner says:  “The next set of questions are about things or events that may have
happened to you in the past six months:”
In the past six months, did someone close to you die?
p Yes p No p Don’t Know
How was/were this person/people related to you?
p Spouse   p Parent   p Child   p Sibling   p Other relative   p Friend
Did you have any idea, in the year before, that your (relative/friend) was going to
die?
p Yes p No p Don’t Know
Since your (relative/friend) died, how much has it been on your mind?
p Very Often   p Often   p Seldom   p Very Seldom  p Not at All
(Other than a death of a loved one,) what single thing or event put you under the most
unpleasant stress in the past six months?
Did you know, in the year before, that (response) was going to happen?
p Yes p No p Don’t Know
How much of a change was (response) for you—in other words, how much did it
interrupt your usual activities?
p Large Amount  p Moderate Amount  p Small Amount  p No Change  p Don’t Know
Since your (response), how much has it been on your mind?
p Very Often p Often p Seldom p Very Seldom p Not at All
115
Mini–Mental State Examination
Materials needed:  pencil, wristwatch, paper
What is the… Where are we:
year state
season city
month county total
date address of 10
day of week floor
Indicate if given in person’s home.
I am going to name three objects.  After I have said them, I want you to repeat them.
Remember what they are because I am going to ask you to say them again later.
Toothbrush Cigarette Pen             (3)
Spell the word:  WORLD
Now spell it backwards:  DLROW             (5)
Now what are the three objects I asked you to remember?             (3)
What is this called (point to wristwatch)             (1)
What is this called (pencil)             (1)
Please repeat the following phrase:  “No Ifs Ands Or Buts”             (1)
Read the words on this sheet and do what it says (fold into thirds)             (1)
Write a complete sentence on this sheet (turn to middle third of the page)             (1)
Please copy this drawing, just the way you see it (turn to bottom 1/3 of pg)            (1)
I’m going to give you a sheet of paper.  When I do, take it in your right hand,
fold the paper in half with both hands, and put the paper down on your lap.            (3)
TOTAL                       
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Close your eyes
NOTE FROM DREXEL UNIVERSITY LIBRARIES: 
  
This page is a reference to the Beck Depression Inventory, a copyrighted work owned 
by a third party, and cannot be displayed here.   
NOTE FROM DREXEL UNIVERSITY LIBRARIES: 
  
This page is a reference to the Beck Depression Inventory, a copyrighted work owned 
by a third party, and cannot be displayed here.   
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PCEP
Materials needed:  PowerBook with PowerPoint, PsyScope Prosody folder,
2 sets of headphones (no microphone needed), and headphone splicer.
INDICATE ORDER OF ADMINISTRATION: EMOTION DISTANCE
Preparation: Plug in headphones.  Adjust volume to standard level (@ “V” in volume).
Protocol (see also additional training instructions for cognitively impaired):
Say to participant:
“For this section, you will be listening to sounds of human voices and will be asked
to make ratings of them.  There are three parts to this section, and the judgements
you will be making to do the ratings will be different.  Let’s start with the
instructions for the first part.”
Prepare the “emo instructs” or “dist instructs” in Power Point Player.  Make certain to
counterbalance presentation between participants, and record which one was
administered first.  Use the instructions to assist participants in getting into mental set
for the task and condition.
“Good!  Now do you have any questions?”
“I’ll set up the experiment now.  It will start after you press a key.  You only need to
use these keys – one through five – so I’ll cover up the rest for now.” (Place overlay
on keyboard, making sure that velcro is holding the overlay).  “There will be 90 of these
in this section.  Be sure to respond as quickly, but as accurately as you can.  You can
respond as soon as you make your decision.  You do not have to wait until the sound
is finished playing to respond.”
Set–up “pros dist take 4” or “pros emo take 4”, depending on the condition and the
instructions that were just presented.  Make certain to change Subject ID information.
“You can begin whenever you’re ready by pressing a number key.”
Once the “emotion” and “distance” sections are complete, close the experiment and say:
“Good.  Let’s go through the instructions for the last part.” Prepare the “ma
instructs” in Power Point Player.  Make certain that this is given AFTER the emotion
and distance conditions.  Set–up “pros ma take 3”. Make certain to change Subject ID
information.  After completed, prepare keyboard overlay and say:
“As with the first part, respond as quickly, but as accurately as you can.  You can
respond as soon as you make your decision.  You do not have to wait until the sound
is finished playing to respond.”
After completing, append subject ID to all three data files.
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Pennsylvania Emotion Rating Test (PERT)
Materials needed:  PowerBook with PowerLab and PERT/ER40
Forced choice recognition of 5 emotional faces (4 emotions) presented in digitized color
photos.
Setting up ER40:
In the Experiments > prosody psyscope > PowerLab > PERT >
Emotional_Rating_Tasks:
Launch “ER40”.  If an error message appears instructing you to “clear data”, close
error message window and use pull down windows Experiments > Clear Data to clear
data from the cache.
Auto Save in: Experiments > prosody psyscope > “PROSODY DATA” folder.
Enter the subject ID and <return>
Close other windows and move PowerLab window over desktop icons.  (It doesn’t quite
fit the larger screens of the new generation G3’s.)
Introduce task to participant by saying:
“Here is another kind of emotion recognition task.  The instructions are on the
computer.”
If participant is familiar with computers, say:
“You can use this mouse here to move the cursor around, just like a mouse on a
desktop computer. (You may wish to use a standard Mac mouse). Use this button (point
to mouse clicker) to click when you want to make a response.” Guide through
instructions and sample to ensure participant is in appropriate mental set.
“I’ll be here if you have any questions.”
If participant is NOT familiar with computers, say:
“Here are the instructions.  (Show instructions screens. Guide through instructions and
sample to ensure participant is in appropriate mental set.) For each face that you see,
tell me your response.”
After completing, append participant ID to the ER 40 data file.
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Letter–Number Sequencing
(WAIS III / WMS III)
Say to participant:“I am going to say a group of numbers and letters.  After I say them, I
want you to tell me the numbers first, in order, starting with the lowest number.  Then tell
me the letters in alphabetical order.  For example, if I say B – 7, your answer should be 7 –
B.  The number goes first, then the letter.  If I say 9 – C – 3, then your answer should be 3 –
9 – C, the numbers in order first, then the letters in alphabetical order.  Let’s practice.”
Practice Item Correct Response Participant’s Response
6 – F 6 – F
G – 4 4 –G
3 –W – 5 3 – 5 – W
T – 7 – L 7 – L – T
1 – J – A 1 – A – J
If examinee makes an error on any Practice Item, correct them and repeat the instructions.  If the
examinee fails all Practice Items, continue with the subtest.  “OK.  Now let’s do more of these.”
Record verbatim responses below. Discontinue if 3 trials of an item are missed.
Item Trial Correct Response Participant’s Response
1 1 L 2 2 L
2 6 P 6 P
3 B 5 5 B
2 1 F 7 L 7 F L
2 R 4 D 4 D R
3 H 1 8 1 8 H
3 1 T 9 A 3 3 9 A T
2 V 1 J 5 1 5 J V
3 7 N 4 L 4 7 L N
4 1 8 D 6 G 1 1 6 8 D G
2 K 2 C 7 S 2 7 C K S
3 5 P 3 Y 9 3 5 9 P Y
5 1 M 4 E 7 Q 2 2 4 7 E M Q
2 W 8 H 5 F 3 3 5 8 F H W
3 6 G 9 A 2 S 2 6 9 A G S
6 1 R 3 B 4 Z 1 C 1 3 4 B C R Z
2 5 T 9 J 2 X 7 2 5 7 9 J T X
3 E 1 H 8 R 4 D 1 4 8 D E H R
7 1 5 H 9 S 2 N 6 A 2 5 6 9 A H N S
2 D 1 R 9 B 4 K 3 1 3 4 9 B D K R
3 7 M 2 T 6 F 1 Z 1 2 6 7 F M T Z
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Benton Facial Discrimination–Penn Revision
Materials needed: modified 2–choice Benton Faces stimuli cards, answer sheet, pen
Say to participant:  “For this task, I will show you several photographs of faces.  On
each page, there is a target photograph (show a sample – from any of the cards– and
point to target photograph on top of page).  Your task is to identify the photograph
below that is of the SAME person (point to the two choices near bottom of the page).
Which one would you chose for this one?”  (Show sample.  Correct answers are in
BOLD ITALICS on data recording sheet below).  If correct response is given for sample,
say:  “Good.  Notice that the photographs do not need to be exactly the same, but
they need to be of the same person.”  If incorrect response is given for sample, say:
“No, actually, the correct response is this one.  Let’s try another.”  (Choose another
sample from the corpus until participant is in appropriate mental set.)
S 1 2 Correct Items
1 1 2
2 1 2
3 1 2
4 1 2
5 1 2
6 1 2
7 1 2
8 1 2
9 1 2
10 1 2
11 1 2
12 1 2
13 1 2
14 1 2
15 1 2
16 1 2
17 1 2
18 1 2
19 1 2
20 1 2
21 1 2
22 1 2
23 1 2
24 1 2
25 1 2
Total correct
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APPENDIX B:  Development of the
Penn Continuum of Emotional Prosody (PCEP)
The prosody comprehension tasks (PCEP) were the results of extensive
development.  The development process and preliminary normative data are
described in this Appendix.  The audio recordings used in this investigation are
on the CD-ROM that accompanies this bound manuscript.
Development of the PCEP
Four young adult actors (2 males, 2 females) were trained using quazi-
standardized procedures to elicit various manipulations of prosody (see
Instructions for Actors, Appendix C).  Briefly, actors were given a written
manual that included an overview of the project, described the affective and non-
affective continua, and written samples of the 4-syllable scripts (i.e., dates and
quantities).  Actors were asked to state dates and quantities using exemplars
from the phylogenically-valid affective and non-affective continua outlined
previously (Figures 2.2 and 2.3) and detailed in a written manual (Appendices C
and D).  These actors were instructed to produce extremes of these exemplars
(“1” and “5” on both the affective and non-affective continua) as well as
affectively neutral utterances spoken at a conversational interlocutor distance
(i.e., distance and emotion neutral, or “3” on the affective and non-affective
continuum, Figures 2.2 and 2.3). The experimenter also provided one-on-one
training to actors, directing them to each mental/emotional set, and providing
the 4-syllable scripts. Actors were also coached to produce several exemplars of
the baseline acoustic measure (i.e., the “ma-ma ma-ma” series).  Each stimulus
124
was less than 1.5s in duration and the corpus is appropriate for both behavioral
and ƒMRI paradigms.
Recordings were made in a sound recording studio under the direction of
the experimenter.  Recordings were made on two channels.  Two microphones
were used: 1) a stand-mounted boom Shure SM94, and 2) a headset Sennheiser
HMD 410.  The utterances of actors were recorded directly into WAVES+ data
files at a sampling rate of 16K on a Unix-based machine via a DAT-link.
Simultaneous recordings were also made onto DAT tapes (a Sony PCM-R300
deck at 44.1 KHZ) through a Mackie 1202-VLZ mixer.  The recording sessions
were segmented into individual 4-syllable tokens of no more than 1.5 seconds in
duration (i.e., appropriate for use in ƒMRI paradigms).  Single channel clips of
these tokens were then demultiplexed. A routine that maximizes gain was run to
normalize the tokens with respect to amplitude.  The nature of the 4-syllable
utterances used in this corpus are rich in fricatives (e.g, dates).  Because most of
the energy in the pronunciation of fricatives is carried at high frequencies, this
caused some distortion of the original tokens.  However, the sampling rate was
dense enough to create tokens where the content and attitude of the speaker are
easily understandable.  These gain-maximized, single-channel demultiplexed
tokens were converted into 11.025 kHz .wav files.  These .wav files were
converted to SoundEdit16 proprietary format so that they could interface with
the PsyScope software (Cohen, et al., 1993), which controlled the presentation of
the PCEP-4 to participants.
The acoustic discrimination stimuli were further manipulated using the
following techniques. Duration of the syllables was measured and only those
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exemplars with consistent duration were selected for template tokens.  A
template token for each actor was created by adjusting the amplitude to
approximately half of the maximum gain of each actor. These templates were
further equalized for fundamental frequency between the syllables.  The pitch
contour within each syllable was maintained to make the template sound more
like naturalistic speech.
Normative Data on the PCEP
The PCEP includes 2 classes of prosodic manipulations: continuum-based
prosody, and acoustic discrimination (Figure 2.1). Several hundred stimuli
comprise the entire PCEP corpus.  A pilot study was conducted to shorten the
continuum-based portion of the corpus, and to maximize the internal validity of
this investigation.  The goal of the pilot study was to select the best exemplars of
the affective and distance continuum from the existing corpus, and to evaluate
the psychometric properties of the PCEP (including inter-judge agreement).  This
was achieved by asking healthy young participants to make affective and
distance continuum judgments for the corpus of stimuli.
The college-age participants were recruited for the pilot study to gather
normative data for experimental measures.  Participants were recruited from
Drexel University introductory psychology courses (Psych 101 and Psych 240).
A representative from the project made a brief presentation at the close of a class
session announcing the opportunity to participate in the study.  In accord with
the Drexel University policies, students who participated received extra credit
for their psychology courses.  Students who did not choose to participate were
offered alternative extra credit opportunities.  Experimental sessions occurred at
126
Drexel University, following approved informed consent procedures.  They were
college-age native American English speakers, right hand dominant, and have
adequate corrected auditory and visual acuity.  Data from participants who
reported history of psychiatric or neurologic disorder or chronic substance abuse
that required treatment were excluded from analyses.
Twenty healthy young adult participants judged 4-syllable exemplars
using the same Likert-type continua as the actors used to render the tokens.
These ratings were summarized and ranked by standard deviation, as the tokens
that received the most consistent ratings were chosen to be included in the
corpus. Consistency ratings were operationally defined as having a low standard
deviation of ratings across healthy young participants.  Yet each exemplar with a
high consistency rating also needed to have a mean rating close to the intended
continuum intensity.  For example, if an actor was asked to produce an exemplar
of a “5” on the affective continuum, and all healthy normal subjects also rated
this stimulus as a “5”, the item received a standard deviation of zero, and was
included in the final corpus of stimuli.  The tokens that were in the top fifth of
consistency ratings were chosen to be included in the final version of the PCEP.
No exemplar had a rating standard deviation of more than 0.60.  In the case of
“ties” (i.e., there were more than exemplars at a given consistency rating than
needed for a particular stimulus type), the experimenter judged the better
exemplars by using criteria such as subjective ratings of representativeness of the
continuum, and sound quality. A summary of these pilot study data can be
found in Tables B1, B2, B3, and B4.
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Table B1: Standard deviation rankings for the most consistently rated affective
prosody tokens from female actors.  Values represent continuum of emotion
(Table 2.3).
Value 1 Value 3 Value 5
Token
identifier
Mean StDev Token
identifier
Mean StDev Token
identifier
Mean StDev
301.001 1 0 001.011 3 0 401.018 5 0
301.005 1 0 001.015 3.17 0.41 401.020 5 0
301.002 1 0 000.007 3.17 0.41 401.006 5 0
301.004 1 0 001.014 3.17 0.41 400.006 5 0
300.007 1 0 001.009 3.17 0.41 401.009 5 0
301.017 1 0 000.008 3.17 0.41 401.025 5 0
301.012 1 0 001.020 3.17 0.41 401.030 5 0
301.006 1 0 001.012 3.17 0.41 400.010 4.9 0.38
301.009 1 0 000.001 3.33 0.52 401.012 4.8 0.41
301.015 1 0 001.017 3.33 0.52 401.019 4.8 0.41
301.003 1 0 000.002 3.33 0.52 401.001 4.8 0.41
301.014 1 0 001.002 3.33 0.52 401.007 4.8 0.41
301.030 1 0 000.009 3.33 0.52 400.003 4.8 0.41
301.035 1.1 0.38 000.004 3.33 0.52 401.026 4.7 0.49
301.007 1.2 0.41 001.007 3.33 0.52 401.016 4.7 0.52
300.008 1.2 0.41 001.018 3.33 0.52 401.002 4.7 0.52
301.013 1.2 0.41 001.016 2.67 0.52 401.004 4.7 0.52
301.020 1.2 0.41 401.003 4.7 0.52
301.011 1.2 0.41 401.015 4.7 0.52
301.018 1.2 0.41 401.011 4.7 0.52
401.017 4.7 0.52
401.010 4.7 0.52
400.005 4.7 0.52
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Table B2: Standard deviation rankings for the most consistently rated affective
prosody tokens from male actors.  Values represent continuum of emotion (Table
2.3).
Value 1 Value 3 Value 5
Token
identifier
Mean StDev Token
identifier
Mean StDev Token
identifier
Mean StDev
310.020 1 0 011.012 3 0 411.014 5 0
310.018 1 0 010.026 3 0 411.020 5 0
311.048 1.1 0.38 011.022 3 0 410.007 5 0
311.035 1.1 0.38 010.020 3 0 410.003 5 0
311.050 1.3 0.49 011.050 2.9 0.38 411.010 5 0
311.034 1.3 0.49 010.031 2.9 0.38 411.009 4.8 0.41
311.044 1.3 0.49 011.031 3.1 0.38 411.002 4.8 0.41
311.056 1.3 0.49 010.025 3.1 0.38 410.010 4.8 0.41
311.039 1.3 0.49 011.041 3.1 0.38 410.008 4.8 0.45
311.011 1.3 0.52 011.019 3.2 0.41 411.013 4.3 0.52
310.008 1.3 0.52 011.016 3.2 0.41 411.001 4.3 0.52
311.041 1.4 0.53 010.005 3.2 0.41 411.006 4.7 0.52
310.010 1.4 0.53 011.009 3.2 0.41 411.017 4.7 0.52
311.053 1.4 0.53 011.006 3.2 0.41 410.006 4.7 0.52
311.038 1.4 0.53 011.004 3.2 0.41 411.039 4.6 0.53
011.013 3.2 0.41
011.002 3.2 0.41
011.005 3.2 0.41
011.008 3.2 0.41
010.008 3.2 0.41
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Table B3: Standard deviation rankings for the most consistently rated non-
affective prosody tokens from female actors.  Values represent continuum of
emotion (Table 2.3).
Value 1 Value 3 Value 5
Token
identifier
Mean StDev Token
identifier
Mean StDev Token
identifier
Mean StDev
101.022 1.13 0.35 001.044 3 0 201.026 5 0
101.011 1.17 0.41 001.040 3 0 201.030 4.88 0.35
100.004 1.17 0.41 001.030 3 0 201.034 4.88 0.35
101.010 1.17 0.41 001.033 3 0 201.024 4.88 0.35
101.019 1.33 0.52 001.023 3 0 201.028 4.88 0.35
101.008 1.33 0.52 001.026 3 0 201.035 4.88 0.35
101.016 1.33 0.52 000.015 3 0 200.001 4.83 0.41
101.018 1.33 0.52 001.028 3 0 201.014 4.83 0.41
101.007 1.33 0.52 001.032 3 0 200.007 4.83 0.41
101.014 1.5 0.55 000.016 3 0 201.010 4.83 0.41
101.012 1.5 0.55 001.031 3 0 201.017 4.83 0.41
100.008 1.5 0.76 001.024 2.9 0.35 201.018 4.83 0.41
100.021 1.5 0.76 000.011 2.9 0.35 200.003 4.67 0.52
100.025 1.5 0.76 001.029 2.9 0.35 200.006 4.67 0.52
101.004 1.5 0.84 000.014 2.9 0.35 201.003 4.67 0.52
101.001 1.5 0.84 001.036 2.9 0.35 201.001 4.67 0.52
001.038 2.9 0.35 201.002 4.67 0.52
000.012 2.9 0.35 201.015 4.67 0.52
000.018 2.9 0.35 200.004 4.67 0.52
000.013 2.9 0.35
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Table B4: Standard deviation rankings for the most consistently rated non-
affective prosody tokens from male actors.  Values represent continuum of
emotion (Table 2.3).
male 1 male 3 male 5
Token
identifier
Mean StDev Token
identifier
Mean StDev Token
identifier
Mean StDev
111.028 1 0 011.041 2.88 0.35 211.020 5 0
111.038 1 0 011.029 2.88 0.35 211.018 5 0
111.041 1 0 011.047 2.88 0.35 211.006 5 0
111.049 1 0 011.044 2.88 0.35 211.014 5 0
111.050 1 0 011.054 2.88 0.35 211.048 5 0
110.020 1.13 0.35 011.006 2.83 0.41 211.040 5 0
110.025 1.13 0.35 011.005 2.83 0.41 211.033 5 0
110.026 1.13 0.35 011.004 2.8 0.45 210.019 5 0
111.031 1.13 0.35 011.038 2.75 0.46 211.047 5 0
111.051 1.13 0.35 011.043 2.75 0.46 210.014 5 0
110.001 1.17 0.41 010.019 2.75 0.46 210.013 5 0
110.005 1.17 0.41 011.031 2.75 0.46 210.015 5 0
110.018 1.25 0.46 011.030 2.75 0.46 211.048 5 0
111.020 1.25 0.46 010.016 2.75 0.46 211.029 5 0
111.053 1.25 0.46 011.040 2.75 0.46 211.045 4.88 0.35
210.021 4.88 0.35
211.023 4.88 0.35
211.041 4.88 0.35
211.035 4.88 0.35
211.024 4.88 0.35
211.042 4.88 0.35
211.043 4.88 0.35
211.028 4.88 0.35
211.036 4.88 0.35
Normative data have been gathered on the acoustic perception screening
task of the PCEP-4 (i.e., the “ma-ma” stimuli) to ensure its psychometric
properties are acceptable for use as a background task.  Fifteen healthy young
individuals were asked to complete the task.  Two variables were used to assess
accuracy: difference detection and absolute summed differences.  Difference
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detection accuracy was determined by summing the items that were correctly
judged as different on the last syllable with those correctly judged as being the
same on the last syllable and dividing this sum by the total number of items.
Absolute summed differences were determined by subtracting the observed
from expected values for each item, then summing those absolute differences.
The items in the task were manipulated until comparable accuracy scores were
obtained from at least 5 healthy young adults, and results were not at ceiling.
Results are summarized in Table B5.
Table B5:  Summary scores for initial normative data on the PCEP-4 acoustic
perception task.
Duration
n=15
Pitch
n=5
Volume
n=10
difference
accuracy
(percentage)
sum of
absolute
(exp-obs)
differences
difference
accuracy
(percentage)
sum of
absolute
(exp-obs)
differences
difference
accuracy
(percentage)
sum of
absolute
(exp-obs)
differences
mean 88.33 11.13 85 11 85.94 11
StDev 9.41 5.19 10.94 5.56 6.79 4.22
min 71.878 3 71.88 4.85 71.88 6
max 100 24 96.88 19 93.75 20
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APPENDIX C:  Instructions for Actors
Background and Purpose
We're interested in prosody: the aspects of speech (emotion, intonation) that are
left out of the written form of a message.  For a series of experiments in the
perception of prosody, we're making recordings, in which simple phrases are
expressed in ways that reflect varied contexts.  The same phrase might be used
to:
• answer different questions,
• address listeners at different distances from the speaker, or
• express different emotional states.
We're using actors because they are experts at producing this kind of contextual
variation in a natural and convincing way.
The recordings will be used in several different kinds of experiments.  For
instance, we will use functional imaging techniques to determine what parts of
the brain are involved in processing different sorts of prosodic information.  We
also plan to play these audio recordings to people who -- because of a
neurological condition like Parkinson's disease -- do not express emotion well
themselves.  We will ask these patients to make judgments regarding these audio
recordings, in order to determine if their impaired ability to express emotion is
related to their understanding of emotional expression when they hear it.
Methods/Procedures for Audio Recordings
Background to script
You'll be reading “scripts” that are somewhat unusual and difficult.  Some of our
research techniques require short utterances -- less than 1.5 seconds long.  We
also need to compare prosodically-different phrases whose literal content is
completely neutral in different emotional states and conversational contexts.
Therefore, some of the phrases you'll be reading are neutral things, like numbers
and dates.  Depending on the context, a number or date can be boring, pleasant,
infuriating, amusing, etc.  We're relying on you to find a way to express the
specified emotions, attitudes or contexts using these very short and intrisically
empty “lines”.
Types of context for scripted phrases
1. Dominance
2. Distance
3. Monotone repeated syllables
We are going to ask you to create several different kinds of context for the
phrases that you read.
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Definitions of Emotional and Non-emotional Continua
1. Dominance
The dominance dimension is also easy to understand, but is harder to act out
convincingly.  We're interested in the continuum
of attitudes ranging from tentative, insecure, uncertain and submissive at one
end, to authoritative, confident, forthright and dominant at the other.  We'll ask
you take on attitudes at opposing ends of the continuum, and sometimes to
adopt a neutral stance.
Emotion continuum:
1 2 3 4 5
Tentative
Cautious
Uncertain
Passive
Emotionally
Neutral
Authoritarian
Confident
Forthright
Dominant
2. Distance
The distance dimension is easy to understand and also easy to produce:  It is just
a matter of how far away you imagine your hearer to be.  You may be speaking
• in a private conversation with someone who is physically very close,
just a few inches away;
• in a general conversation with one or more people, a few feet away;
• with someone on the far side of a large room, perhaps 30 or 40 feet
away.
Distance continuum:
1 2 3 4 5
Tête á tête
Under breath
Conversational
Distance
Distant
In presence of
loud ambient
noise
We will not ask you to produce all combinations of the distance and dominance
dimensions, but rather to produce near to far distances given neutral dominance,
and submissive to dominant attitudes given a medium distance.
3. Pitch Discrimination
As described previously, we are also interested in evaluating pitch
discrimination.  We will ask you to repeat the syllable “ma” four times, using a
monotone voice. You should pronounce each “ma” in the same manner
throughout the recordings, using the same duration and volume for each
syllable.
Speaking these sequences may not seem natural for you at first.  We encourage
you to practice, especially to determine your spoken pitch range, to use a flat
tone that will feel comfortable to you.
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The Script
Following the table, you will find a sample “script” card, with the dates and
numbers to be read, and the type of prosody to use (either from the emotional
category, or the distance/dominance continuum).  For each type of prosody, we
ask that you state the type of prosody you will be using before reading the cards
(this helps us with editing later).  We suggest that you review the situations and
descriptors for each category, and repeat each phrase until you are satisfied that
you have an acceptable exemplar for the category.  You may find that you repeat
the first card a few times, the second twice, and the latter cards for each category
once.
Here is a sample script card:
Script: red
Emotion continuum: dominant
Distance continuum: conversation
August sixteenth
So we will ask you to say “August sixteenth”, in a way that is representative of
the dominant end of the emotion continuum, to someone who is a conversational
distance away.
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APPENDIX D:  Script for Actors
Text and Prosodic Manipulation
Note: The audio recordings that were derived from this script are on the CD-
ROM that accompanies this bound manuscript.
type       4-syllable utterance                           emotion            
continuum               
distance            script         
date  October ninth dominant conversation red
number  Six hundred one dominant conversation red
number  Eight hundred five dominant conversation red
number  Six thousand two dominant conversation red
number  Eight thousand ten dominant conversation red
number  Thirteen hundred dominant conversation red
number  Five hundred ten dominant conversation red
number  Three thousand nine dominant conversation red
date  September eighth dominant conversation red
number  Six hundred two dominant conversation red
date  November fourth dominant conversation red
number  Seventy-nine dominant conversation red
date  July thirteenth dominant conversation red
number  Nine hundred three dominant conversation red
date  March thirtieth dominant conversation red
number  One hundred eight dominant conversation red
date  May twenty-eighth dominant conversation red
number  One thousand six dominant conversation red
date  November twelfth dominant conversation red
number  Seventy-two dominant conversation red
number  Two thousand nine dominant conversation red
date  December twelfth dominant conversation red
number  Fourteen hundred dominant conversation red
date  June twentieth dominant conversation red
number  Nine thousand four dominant conversation red
date  March twenty-first dominant conversation red
number  One hundred six dominant conversation red
date  May twenty-sixth dominant conversation red
number  Seven hundred dominant conversation red
number  Eight thousand one neutral conversation red
number  Ten thousand two neutral conversation red
number  Five hundred one neutral conversation red
number  Three thousand five neutral conversation red
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date  April fourteenth neutral conversation red
number  Five thousand two neutral conversation red
number  Two hundred six neutral conversation red
date  December fifth neutral conversation red
number  Four thousand nine neutral conversation red
number  Eight thousand two neutral conversation red
number  Three hundred five neutral conversation red
number  Eight hundred one neutral conversation red
number  Sixty-seven neutral conversation red
date  May thirty-first neutral conversation red
number  One thousand nine neutral conversation red
date  November tenth neutral conversation red
number  Seventy-six neutral conversation red
date  September fourth neutral conversation red
number  Six thousand four neutral conversation red
number  Eight hundred two neutral conversation red
number  Ten thousand one neutral conversation red
number  Two thousand three neutral conversation red
number  Two thousand two neutral conversation red
number  Two thousand six neutral conversation red
number  Two thousand two neutral conversation red
date  March twenty-eighth neutral conversation red
number  One hundred nine neutral conversation red
date  May twenty-fourth neutral conversation red
number  One thousand twelve neutral conversation red
date  October first neutral conversation red
number  Six hundred four neutral conversation red
date  September twelfth neutral conversation red
number  Six thousand three neutral conversation red
date  March twenty-ninth neutral distant red
number  One hundred three neutral distant red
date  November eighth neutral distant red
number  Seventy-eight neutral distant red
date  October tenth neutral distant red
number  Six hundred ten neutral distant red
number  Eight hundred nine neutral distant red
number  Sixteen hundred neutral distant red
date  May thirtieth neutral distant red
number  One thousand four neutral distant red
date  June twenty-third neutral distant red
number  Nine thousand two neutral distant red
date  April sixteenth neutral distant red
number  Four hundred four neutral distant red
number  Two hundred two neutral distant red
date  December sixth neutral distant red
number  Four thousand three neutral distant red
date  June seventeenth neutral distant red
number  Nine hundred two neutral distant red
date  March twentieth neutral distant red
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number  One hundred four neutral distant red
number  Two thousand three neutral distant red
number  Five thousand nine neutral distant red
number  Twelve and red half neutral distant red
date  August nineteenth neutral distant red
number  Four hundred three neutral distant red
number  Two thousand four neutral distant red
date  January neutral distant red
number  Fourteen sixty neutral distant red
date  June twenty-fifth neutral distant red
number  Nine thousand one neutral distant red
date  April eighteenth neutral tête à tête red
number  Five thousand three neutral tête à tête red
number  Two hundred nine neutral tête à tête red
date  August thirteenth neutral tête à tête red
number  Four thousand five neutral tête à tête red
date  July  nineteenth neutral tête à tête red
number  Nine hundred nine neutral tête à tête red
date  June twenty-sixth neutral tête à tête red
number  Nine thousand twelve neutral tête à tête red
date  April seventh neutral tête à tête red
number  Four hundred five neutral tête à tête red
number  Two hundred twelve neutral tête à tête red
number  Five hundred three neutral tête à tête red
number  Three thousand one neutral tête à tête red
date  September fifth neutral tête à tête red
number  Six thousand eight neutral tête à tête red
number  Eight hundred three neutral tête à tête red
number  Ten thousand four neutral tête à tête red
number  Fifteen hundred neutral tête à tête red
number  Three hundred one neutral tête à tête red
number  Five thousand four neutral tête à tête red
number  Three thousand two neutral tête à tête red
date  October eighth neutral tête à tête red
number  Six hundred eight neutral tête à tête red
date  September tenth neutral tête à tête red
number  Six thousand six neutral tête à tête red
number  Eight thousand four neutral tête à tête red
number  Ten thousand three neutral tête à tête red
number  Five hundred four neutral tête à tête red
number  Three hundred two neutral tête à tête red
date  July fifteenth passive conversation red
number  Nine hundred five passive conversation red
date  June twenty-fourth passive conversation red
number  Nine thousand ten passive conversation red
date  March twenty-third passive conversation red
number  One hundred two passive conversation red
date  November first passive conversation red
number  Seventy-four passive conversation red
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date  July sixteenth passive conversation red
number  Nine hundred ten passive conversation red
date  December first passive conversation red
number  Four thousand one passive conversation red
number  Eighteen hundred passive conversation red
number  Three hundred four passive conversation red
number  Five thousand eight passive conversation red
number  Three thousand three passive conversation red
date  August eighteenth passive conversation red
number  Four hundred one passive conversation red
number  Two thousand eight passive conversation red
date  December third passive conversation red
number  Four thousand two passive conversation red
number  Two thousand six passive conversation red
number  Eight thousand eight passive conversation red
number  Ten thousand six passive conversation red
number  Five hundred eight passive conversation red
number  Three hundred three passive conversation red
number  Five thousand six passive conversation red
number  Two hundred five passive conversation red
date  August seventh passive conversation red
number  Four hundred two passive conversation red
number  Two thousand nine passive conversation red
date  August sixteenth dominant conversation blue
number  Four thousand eight dominant conversation blue
date  July fourteenth dominant conversation blue
number  Nine hundred four dominant conversation blue
date  June twenty-ninth dominant conversation blue
number  Nine thousand three dominant conversation blue
date  May eleventh dominant conversation blue
number  One thousand eight dominant conversation blue
date  December fourth dominant conversation blue
number  Four thousand six dominant conversation blue
date  April second dominant conversation blue
number  Four hundred eight dominant conversation blue
number  Two hundred three dominant conversation blue
number  Eight hundred ten dominant conversation blue
number  Ten thousand five dominant conversation blue
number  Eighteen hundred dominant conversation blue
number  Three hundred nine dominant conversation blue
number  Five thousand five dominant conversation blue
number  Three thousand twelve dominant conversation blue
date  August fifteenth dominant conversation blue
number  Four hundred six dominant conversation blue
number  Two thousand five dominant conversation blue
number  Two thousand twelve dominant conversation blue
number  Two thousand ten dominant conversation blue
date  September sixth dominant conversation blue
number  Six thousand one dominant conversation blue
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number  Eight thousand five dominant conversation blue
number  Ten thousand ten dominant conversation blue
number  Five hundred five dominant conversation blue
number  Three hundred twelve dominant conversation blue
number  Five thousand ten dominant conversation blue
number  Two hundred four dominant conversation blue
date  June twenty-first neutral conversation blue
number  Nine thousand six neutral conversation blue
date  March twenty-sixth neutral conversation blue
number  One hundred twelve neutral conversation blue
date  November fifth neutral conversation blue
number  Seventy-five neutral conversation blue
date  October third neutral conversation blue
number  Six hundred three neutral conversation blue
date  March eleventh neutral conversation blue
number  Nineteen hundred neutral conversation blue
date  July  seventh neutral conversation blue
number  Nine hundred six neutral conversation blue
number  Five hundred two neutral conversation blue
number  Three thousand ten neutral conversation blue
date  April thirteenth neutral conversation blue
number  Four hundred nine neutral conversation blue
number  Two thousand eight neutral conversation blue
date  December tenth neutral conversation blue
number  Four thousand twelve neutral conversation blue
date  June thirtieth neutral conversation blue
number  Nine thousand eight neutral conversation blue
number  Fifty-seven neutral conversation blue
number  Three hundred ten neutral conversation blue
number  Five thousand one neutral conversation blue
number  Two hundred eight neutral conversation blue
date  August second neutral conversation blue
number  Four hundred twelve neutral conversation blue
number  Two thousand four neutral conversation blue
date  July eighteenth neutral conversation blue
number  Nine hundred eight neutral conversation blue
number  Five hundred nine neutral distant blue
number  Three thousand eight neutral distant blue
date  April fifteenth neutral distant blue
number  Five thousand twelve neutral distant blue
number  Two hundred one neutral distant blue
date  December eighth neutral distant blue
number  Four thousand four neutral distant blue
date  July second neutral distant blue
number  Nine hundred one neutral distant blue
number  Five hundred twelve neutral distant blue
number  Three thousand six neutral distant blue
number  Eight thousand twelve neutral distant blue
number  Three hundred eight neutral distant blue
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date  November sixth neutral distant blue
number  Seventy-one neutral distant blue
date  September first neutral distant blue
number  Six thousand five neutral distant blue
number  Eight hundred twelve neutral distant blue
number  Ten thousand nine neutral distant blue
number  Fifteen hundred neutral distant blue
number  Three hundred six neutral distant blue
number  Two thousand one neutral distant blue
date  May twenty-first neutral distant blue
number  One thousand three neutral distant blue
date  October fifth neutral distant blue
number  Six hundred five neutral distant blue
date  September third neutral distant blue
number  Six thousand ten neutral distant blue
number  Eight thousand nine neutral distant blue
number  Ten thousand twelve neutral distant blue
date  May twenty-third neutral tête à tête blue
number  Seven hundred neutral tête à tête blue
date  October sixth neutral tête à tête blue
number  Six hundred six neutral tête à tête blue
number  Eight hundred four neutral tête à tête blue
number  Sixteen hundred neutral tête à tête blue
number  Eight thousand three neutral tête à tête blue
number  Thirty-seven neutral tête à tête blue
date  November ninth neutral tête à tête blue
number  Seventy-one neutral tête à tête blue
date  May seventeenth neutral tête à tête blue
number  One thousand five neutral tête à tête blue
date  December ninth neutral tête à tête blue
number  Four thousand ten neutral tête à tête blue
date  June eleventh neutral tête à tête blue
number  Nine hundred twelve neutral tête à tête blue
date  March thirty-first neutral tête à tête blue
number  One hundred five neutral tête à tête blue
date  May twenty-fifth neutral tête à tête blue
number  One thousand ten neutral tête à tête blue
number  Two thousand ten neutral tête à tête blue
number  Two thousand one neutral tête à tête blue
date  August fourteenth neutral tête à tête blue
number  Four hundred ten neutral tête à tête blue
number  Two thousand five neutral tête à tête blue
date  February neutral tête à tête blue
number  Fourteen hundred neutral tête à tête blue
date  June twenty-eighth neutral tête à tête blue
number  Nine thousand nine neutral tête à tête blue
date  March twenty-fourth neutral tête à tête blue
number  One hundred ten neutral tête à tête blue
number  Eight hundred eight passive conversation blue
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number  Six thousand twelve passive conversation blue
number  Eight thousand six passive conversation blue
number  Thirteen hundred passive conversation blue
number  Five hundred six passive conversation blue
number  Three thousand four passive conversation blue
date  April nineteenth passive conversation blue
number  Forty-seven passive conversation blue
number  Two hundred ten passive conversation blue
number  Eight hundred six passive conversation blue
number  Ten thousand eight passive conversation blue
date  October twelfth passive conversation blue
number  Six hundred twelve passive conversation blue
date  March seventeenth passive conversation blue
number  Nineteen hundred passive conversation blue
date  May twentieth passive conversation blue
number  One thousand one passive conversation blue
date  November third passive conversation blue
number  Seventy-three passive conversation blue
date  September ninth passive conversation blue
number  Six thousand nine passive conversation blue
number  Two thousand twelve passive conversation blue
date  June thirtieth passive conversation blue
number  Nine thousand five passive conversation blue
date  March twenty-fifth passive conversation blue
number  One hundred one passive conversation blue
date  May twenty-ninth passive conversation blue
number  One thousand two passive conversation blue
date  October fourth passive conversation blue
number  Six hundred nine passive conversation blue
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APPENDIX E:  Prosody Expression Task
Materials needed:
1. Mac G3 with SoundEdit16;
2. Mac microphone mounted to headphones;
3. Frog Story (with titles and all words covered);
4. Stopwatch
Preparation:
a) Plug in Mac microphone into jack in back of G3 computer.
b) In Control Panel > Monitors and Sound > Sound, select the sound monitoring
source as “External Mic.”
c) In applications folder, launch SoundEdit 16.
d) Prepare to record in 22.050kHz/16bit format.  You will need to save the data
as a .wav file.
Instructions:
Say to participant:  “Here is a book.  This book tells a story about a boy, a boy,
and a frog [point to picture on cover].  First, I want you to look at tall of the
pictures.  Pay attention to each picture that you see and afterwards you will tell
the story as if you were telling it to a child.  You don’t have to tell the story
from memory when you tell it to me. I’ll ask you to go through each page and
tell the story in your own words.”
“Have you seen this story before?”
“OK.  Please put on the headset.”  Position head mounted microphone such that
it is one hand width ~5” away from the person’s mouth.  “Now I’d like you to
tell the story, as if you were telling it to a child, while the computer records
your voice.”  It is IMPORTANT that the examiner provides little prompting or
cueing during acquisition.  It’s OK to give encouragement if you think the
participant is unsure of what to do next (as long as you don’t interrupt to talk
over the participant).  Encouragement may be best achieved by occasionally
nodding and smiling, Never mention the name of the book.  If you must, you
may refer to it as “Frog Story.”
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APPENDIX F:  Post-hoc Analyses of Excluded Participants
Rationale
The conclusions drawn from the results presented in the preceding
sections are guarded due to the small sample size from the three groups.
Unfortunately, data from nearly 20% participants were excluded from these
analyses.  In some cases, administration of the behavioral measures was not
completed due to problems with the computer software (n=5).  Other
participants were excluded from analysis because they did not meet inclusion
criteria.  Specifically, nine participants were excluded because they endorsed
significant depressive symptoms of moderate severity on the Beck Depression
Inventory (BDI-2; Beck et al., 1996).  Given the comorbidity of Parkinson’s
disease with depressive symptoms, this is not surprising.  However, given the
hypothesized role of affective state on affective competence and comprehension
of emotional stimuli, I believed it was appropriate to take a conservative
approach in this initial test of the affective competence model of emotional
prosody comprehension.  Unfortunately, the number of participants who were
excluded for suspected depressive symptoms was not large enough from each
group to warrant between group analyses.  However, exploratory analysis of
data from these participants is presented and discussed in this appendix.
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Description of Excluded Participants
Nine participants were excluded from the preliminary analyses because
they scored in the moderately severe range (above 13) on the BDI-2.  There were
four PD, four EC, and one YC participants excluded. As illustrated in Table F.1,
the depressed individuals1 were similar to those participants who endorsed
minimal or no depressive symptoms.  Independent sample t-tests were
performed between the PD depressed and PD non-depressed participants as well
as the EC depressed and EC non-depressed participants.  Although the only
statistically significant differences were revealed were for the BDI-2, these results
should be interpreted cautiously as these comparisons were conducted on
groups with unequal sample sizes.  Nonetheless, informal examination of the
demographic and descriptive measures from these groups listed in Table F.1
indicate that these groups are similar to each other in every respect (save for
endorsement of depressive symptoms).
1 For ease of reading, I will refer to these groups as “depressed” based on the
BDI-2 criteria despite the fact that they were not evaluated for a diagnosis of
depression.
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Table F.1:  Comparison of background data for participants included in initial
analyses and those who did not meet exclusion criteria for depressive symptoms.
Means and (standard deviation).  PD = Parkinson’s disease; EC = healthy elders;
YC = healthy young adults; N/A = not assessed; ns = non significant.
Met inclusion criteria
(from Table 2.1)
Participants who endorsed
moderate depressive
symptoms
Significant group
comparisons
PD EC YC PD EC YC
Number of
participants
11 16 16 4 4 1
Age
(in years)
66.4
(9.3)
69.6
(8.2)
20.6
(2.2)
55.8
(13.6)
63.0
(7.1)
18
Sex (% male) 55 38 43 75 25 0
Annett
Handedness-
Revised
19.5
(5.5)
19.7
(4.9)
17.7
(4.2)
22.3
(2.9)
18
(5.2)
23
Education
(in years)
15.2
(2.8)
15.5
(2.5)
14.31
(1.4)
16.5
(3.4)
13.8
(1.7)
14 ns
Depression
(BDI-2)
5.3
(3.5)
3.9
(3.8)
6.01
(4.9)
18.0
(2.9)
27.3
(7.8)
20 PD (p < .001)
EC (p = .007)
MMSE 28.62
(1.0)
29.43
(0.8)
N/A 28.5
(0.6)
29.3
(1.0)
N/A ns
1n=15;  2n=10; 3n=14
Results and Preliminary Conclusions
Exploratory analysis comparing the depressed and non-depressed
subgroups of the PD, EC, and YC groups indicate similar performance on
background behavioral measures as well as experimental measures of prosody
comprehension (Table F.2).  A notable exception was the depressed YC case.  She
had anomalous latency to respond scores for both the affective (z = -1.9) and non-
affective (z = -2.1) prosody comprehension tasks.  However, results from this
single case cannot be considered conclusive.  Furthermore, inclusion of all of the
depressed participants for the within group, between group, and correlation
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matrices (as outlined in the Methods and Results sections) did not appreciably
change results of statistical tests or subsequent conclusions articulated in the
Discussion section.
Table F.2:  Comparison of behavioral data from participants included in initial
analyses and those who did not meet exclusion criteria for depressive symptoms.
Between group t-tests comparing minimal and moderate depressive symptom
subgroups were not statistically significant for any measure.  Means and
(standard deviation).  PD = Parkinson’s disease; EC = healthy elders; YC =
healthy young adults; N/A = not assessed.
Met inclusion criteria
(from Table 2.1)
Participants who endorsed
moderate depressive
symptoms
PD EC YC PD EC YC
Number of participants 11 16 16 4 4 1
Letter-Number Sequencing 10.5
(2.6)
10.6
(3.2)
13.31
(2.1)
11.0
(3.7)
12.3
(4.3)
13
Emotional Faces
(PERT-40)
30.7
(4.0)
30.93
(3.3)
34.11
(2.2)
32.02
(1.7)
32.72
(1.5)
38
Benton Facial Recognition 20.8
(2.0)
20.94
(3.2)
21.71
(1.5)
20.5
(3.3)
22.3
(1.3)
23
Affective Prosody
(sum of absolute differences)
58.3
(25.0)
50.71
(35.4)
19.71
(14.0)
73.0
(38.5)
63.8
(30.1)
30
Affective Prosody
(% accurate)
61.0
(15.6)
64.91
(22.7)
77.11
(20.0)
44.2
(24.5)
57.6
(17.2)
80.0
Affective Prosody Latency 21025
(539)
2213
(345)
16581
(362)
2292
(290)
2330
(472)
2329
Non-Affective Prosody
(sum of absolute differences)
30.8
(14.2)
34.21
(27.7)
17.71
(10.7)
41.2
(10.5)
21.0
(11.9)
26
Non-Affective Prosody
(% accurate)
72.8
(15.0)
69.11
(25.6)
83.21
(11.8)
65.1
(11.8)
80.0
(13.0)
73.6
Non-Affective Prosody
Latency
18975
(640)
1904
(322)
14471
(249)
2067
(386)
1962
(348)
1966
Duration detection
(sum of absolute differences)
21.26
(9.9)
22.6
(13.3)
12.11
(5.2)
11.07
(1.4)
29.0
(18.0)
14
Pitch detection
(sum of absolute differences)
24.06
(13.3)
27.3
(16.8)
12.11
(6.3)
12.57
(6.4)
38.5
(22.8)
8
Volume detection
(sum of absolute differences)
26.36
(12.9)
27.4
(15.2)
13.11
(8.3)
18.07
(11.3)
32.0
(21.0)
11
1n=15; 2n=3; 3n=14; 4n=12; 5n=10; 6n=9; 7n=2
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In contrast to the affective competence model, these preliminary results
suggest affective state (as defined by moderate depressive symptoms) may not
have an appreciable impact on affective competence or comprehension of
emotional stimuli.  However, further research employing larger sample sizes are
needed to substantiate these preliminary findings.
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EPILOGUE
The following is an entry to the Wellcome Trust Essay Competition for New Scientist.
It’s not just what you say…
After Mr. Wilson* made a wisecrack, I was hanging on his every word.   I
was giving cognitive tests to people suffering from Parkinson’s disease.  As I was
reaching for the next test, my subject cracked a joke.  His face was expressionless.
The timing of his punchline was off.  He was attempting to be blithe, yet I almost
missed it completely as his delivery clouded his jovial nature.
Most of us have several ways to express how we’re feeling; our facial
expressions and tone of voice can speak volumes beyond the actual words we
use.  But what happens when one or more of these channels go dim?
Mr. Wilson’s constricted expression is common among those with
Parkinson’s.  Diminished dopamine levels in the brain cause not only the
signature Parkinsonian tremor, but also “masked facies,” the clinical term for
lack of facial expression.  Also, the motor disability makes it difficult for them to
manipulate their voice.  Their speech sounds flat, quiet, and like their motor
coordination, out-of-sync.  Their stone-faced expressions and amelodic speech
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fool many.  They may appear depressed even though they deny feeling blue.
Cracking a smile, or even giving an understanding nod, becomes a physical feat.
Families of Parkinson’s patients need to understand that their loved one
isn’t emotionally numb, even though it may look like it.  And although these
individuals may be challenged when expressing emotions to others, it doesn’t
necessarily mean their capacity to empathize with others is affected.
Yet new research, to which my dissertation is contributing, has important
implications for this emotive detachment.
Jacobs and colleagues5 from the University of Florida reported that
Parkinson’s patients were poor at interpreting photographs of people expressing
emotions. Additionally, they had difficulty describing exactly what made happy
faces look happy and sad faces look sad.  Could this mean that these individuals
had difficulty understanding much at all about emotions?
Findings from my dissertation suggest that Parkinson’s patients have a
more pervasive problem than first realized; they have difficulty interpreting the
emotional intonation of speech. Whereas most people can “hear” emotional
intonation, the Parkinson’s patients I studied had difficulty making these
distinctions.
Understanding emotional intonation may also involve some mental
gymnastics.  Cognitive researchers call this “working memory” or the ability to
perform mental manipulations (e.g., reciting the alphabet backwards).  I found
the accuracy in interpreting emotional intonation and facial expression was
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correlated with performance on working memory tasks.  This makes sense if one
considers that interpreting emotions requires juggling visual and auditory data,
and the context of the situation, then integrating that information with existing
knowledge of an emotional state.
In a follow-up experiment, I asked college-age adults to interpret
emotional intonation while in a functional MRI machine (which monitors the
brain’s blood-oxygen levels).  When they made judgments about emotional
intonation, the left inferior dorsal and orbital frontal lobe areas gobbled up
oxygen.  Previous research has indicated that these areas are active during
working memory2 and emotional decision making tasks1.
With this evidence, it’s possible that future studies of other populations
with poor working memory, such as multiple sclerosis, schizophrenia, or frontal
lobe brain injuries, will also find a diminished ability to interpret emotional
expression.
What does my research mean for those touched by Parkinson’s disease
and what can be done about it?
There’s nothing to suggest that Parkinson’s patients aren’t empathetic.
However, others may think that the Parkinson’s sufferer is emotionally distant
since they can have difficulty interpreting non-verbal cues that others use to
express their feelings.
Many of us have developed strategies to overcome a similar problem.
When we communicate via e-mail, it is common to explicitly state nuances of the
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intended message.  Because of the limitations of this restricted medium, many
have adapted by using emoticons.  For example, :-) indicates amusement or a
lighthearted interpretation.
A similar approach could work with Parkinson’s patients.  Knowing what
I know now, my interactions with Mr. Wilson would be different.   I’d say,
“That’s funny,” rather than expecting him to intuit my reaction from my smile.
I learned more from Mr. Wilson than a quip.  If we use language to say
what we feel, rather than relying on non-verbal cues, we may find a more
understanding ear.
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